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The importance of local disturbances in circulation in the etiology of 
gastric and duodenal ulcer appears to be a well established fact with the 


majority of those who have made a close anatomical study of this con- 


dition. Still this view seems to be far from generally accepted. Only 
a short time ago a special committee was organized in Germany for the 
collective investigation of the causation of ulcer of the stomach. In its 
circular this committee makes the following statement: “The nature of 
ulcer of the stomach has not vet been explained. Even if we have been 
successful in producing gastric ulcers experimentally, with all their 
characteristic signs, yet the etiology of gastric ulcer in man is practically 
unknown.” Schiitz' says quite recently: 


We still have very incomplete and inaccurate ideas as to its etiology and 
its development and in this regard have to resort to hypotheses. Even the 
experimental investigations of gastric ulcer, resumed lately, have not advanced 
us very much. All these investigations labor under the difficulty that the 
ulcerations which were produced experimentally resemble the ulcers observed 
in man in their appearance but not in their course. They have confirmed the 
old experience that local disturbances in circulation play a part in the produc- 
tion of the ulcers; but they have not been able to give an adequate explanation 
of their peculiar course. 

* Submitted for publication in THe Arcuives, Feb, 19, 1913. 

* From the Pathological Laboratory, Stanford University Medical Department. 

1. Schiitz: Uleus Ventriculi und Uleus Duodeni. Wiener Klin. Wehnschr., 
1912, xxv, 1513. “Wir betreffs ihrer Aetiologie und Genese noch recht unvoll- 
kommene und unklare Begriffe haben und in dieser Hinsicht nach wie vor auf 
Hypothesen angewiesen sind. Auch die in neuerer Zeit wieder aufgenommene 
experimentelle Erforschung des Magengeschwiirs. . . . hat uns in dieser 
Richtung nicht erheblich vorwiirts gebracht. Allen diesen Untersuchungen haftet 
eben der Mangel an, dass die Kiinstlich erzeugten Geschwiirs-prozesse wohl in 
threr Form, nicht aber in ihrer Verlaufsweise sich mit den beim Menschen 
vorkommenden Gaschwiiren vergleichen lassen. Sie haben nur die alte Erfahrung 
bestiitigt, dass lokale Zirkulations-stérungen bei der Entstehung der Geschwiire 
eine Rolle spielen; iiber die Ursache ihres eigentiimlichen Verlaufs haben sie uns 
keine geniigende Erkliirung zu geben vermocht.” 
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A very similar point of view is shown in a very interesting article by 
Aschoff? dealing with the mechanical conditions which are of importance 
in the pathogenesis of gastric ulcer and in which he comes to the follow- 
ing conclusion: 

At any rate the above mentioned investigations permit of the conclusion that 
although disturbances of circulation of all sorts are of importance in the develop- 
ment of acute ulcers, their chronic character, their location and their shape depend 
primarily on mechanical conditions, on prolonged contact with gastric juice at 
physiologic or pathologie points of narrowing, on mechanical friction and stress 
at the lesser curvature along which the ingesta pass to the pylorus, and do not 
depend on primary disease of the blood-vessels. 

Very much the same position is taken by Bolton* in England. He 
says: 

“The main object of the paper has been to show how, by an extension of an 
acute ulcer and the secondary inflammatory thickening which affects the same 
and is a necessary consequence of the untreated condition of the ulcer, a chronic 
uleer arises. The funnel shape of an ulcer is not due to the fact that it arises 
as a result of vascular occlusion, it is merely the result of the mode of spread 
of the ulcer.” 

It may not be out of place, therefore, to restate the reasons advanced 
for the belief that gastric and duodenal ulcers arise primarily from 
vascular lesions and to add a few personal observations which support 
this idea. 

Virechow first pointed out clearly the apparent relation of local vas- 
cular disturbances to gastric ulcer. He states* that according to his 


experience the ulceration is preceded by a hemorrhagic necrosis of the 


mucous membrane and the disturbance in circulation which is its cause 
he is inclined to attribute to vascular lesions. He mentions in particular 
disease and obstruction of arteries. He points out that only a local 
cause will account for such an exquisitely localized lesion’ and he is said 


2. Aschoff: Ueber die Mechanischen Momente in der Pathogenese des runden 
Magengeschwiirs und tiber seine Beziehungen zum Krebs. Deutsch. med. 
Wehnsehr., 1912, xxxviii, 494. “Jedenfalls lassen die obigen Unterschungen den 
Schluss zu, dass zwar fiir die Entstehung der akuten Geschwiire Zirkulations- 
stortingen aller Art, fiir das Chronischwerden, den zitz und die Form der Gesch- 
wiire aber vor allem mechanische Momente, liingerer Stillstandskontakt mit dem 
Magensaft an den physiologischen und pathologischen Engpiissen, mechanische 
Reibung und Schiebung an der Gleitkurvatur, aber Keine primiiren Gefiisser- 
krankungen heranzuziehen sind.” 

3. Bolton: Origin of Chronie Uleer of Stomach in Acute Variety of Disease. 
Quart. Jour. Med., 1912, v, 429. 

4. Virchow: Historisches, Kritisches und Positives zur Lehre der Unterleibs- 
affectionen. Virchows Arch. f. path. Anat., 1853, v, 362. “Eine solche Unter- 
brechung (der Cirkulation) kann gewiss auf mehrfache Weise geschehen, allien 
ich halte es ftir richtig, nach dem, was ich gesehen habe, dass sie meistentheils 
auf Erkrankungen der Magengefiisse. . . . zurtickzufiihren sei.” 

5. The loeal character of the lesion in gastric ulcer had already attracted 
Cruveilhier’s attention. In his original description of gastric uleer (Cruveilhier: 
Anat. pathol. du corps Humain, ete., Paris 1829-1835, x) he exclaims: “Mais 
pourquoi un point, un seule point de l’estomac est-il profondément affecté.” 
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to have pointed to the funnel shape of the ulcers as an additional argu- 
ment of their relation to the vascular system. 

Merkel® seems to have been the first to publish cases of gastric ulcer 
in which vascular lesions were actually demonstrated. One of them was 
that of a woman of about 100 years of age with very marked atheroma 
and general arteriosclerosis, in whom he found at autopsy an acute per- 
forated duodenal ulcer due to a plainly visible thrombosis of the arteria 
pancreatico-duodenalis. 

The most important work, however, was done by Hauser’ in 1883, 
and published in his excellent monograph on gastric ulcer and its rela- 
tion to carcinoma. Hauser refers to Merkel’s cases and recounts a case 
of his own of a recent gastric ulcer in a woman of 54 years of age. In 
the sections from the ulcer he found an arteriosclerotic artery filled with 
thrombus. After a careful analysis of the whole problem he comes to 
the following conclusions: 


The hemorrhagie infaret which precedes the formation of the ulcer results 
always from a permanent interruption of the circulation in the small arteries 
which ascend from the submucosa into the mucous membrane. The disturbance 
in circulation may be caused by embolism or by autochthonous thrombosis or 
tearing of such an artery. The hemorrhagic infarct is followed by a chronic 
ulcer, only when the disturbance in circulation follows local disease of the blood- 
vessels of the stomach. In case of local disease of the gastric vessels the ulcer 
assumes a chronic atonic character, because the development of blood-vessels 
which is necessary to permit healing cannot occur normally from pathologic 
blood-vessels. The degree of vascular disease, therefore, determines the more or 
less chronic character of the ulcer. 


The last statement in regard to the chronic ulcer of the stomach is of 


particular importance, because it is offered as an explanation of the fail- 


ure to produce chronic ulcers by experiments which otherwise confirmed 


6. Merkel: Kasuistischer Beitrag zur Entstehung des runden Magenge- 
schwiirs, Wien. med. Presse, 1866, vii, 754, 770; Zur pathologischen Anatomie 
des Magengeschwiirs, Wien. med. Presse, 1869, x, 913. 

7. Hauser: Das chronische Magengeschwiir. Sein Vernarbungsprocess und 
dessen Beziehungen bur Entwicklung des Magencarcinoms. Leipzic, F. C. W. 
Vogel, 1883. “Der zum Geschwiir fiihrende haemorrhagische Infarkt der Magen- 
schleimhaut bildet sich stets infolge einer dauernden Unterbrechung des Blut- 
stromes in den kleinen von der Submucosa zur Schleimhaut aufsteigenden 
Arterienstiimmechen. Diese Cirkulationstérung kann bedinget sein entweder durch 
Embolie oder durch autochthone Thrombose oder Zerreissung eines solchen 
Arterienstiimmchens. Zum chronischen Magengeschwiir fiihrt der haemorrhagische 
Infarkt der Magenschleimhaut nur dann, wenn die Cirkulationsstérung aus 
einer localen Erkrankung der Magengefiisse selbst hervorgegangen ist. Bei einer 
localen Erkrankung der Magengefiisse nimmt das Geschwiir deshalb einen chroni- 
schen atonischen Charakter an, weil die zur Heilung erforderliche Gefiissneubil- 
dung von pathologisch veriinderten Gefiissen nicht in normaler Weise vor sich 
gehen kann: der mehr oder minder chronisehe Charakter des Geschwiirs ist daher 
durch den Grad der Gefiisserkrankung bedingt.” 


| 
| 
| 
| 


472 THE ARCHIVES OF INTERNAL MEDICINE 


Virchow’s theory. Panum,* in 1862, produced an acute gastric ulcer 
with all its anatomical characteristics by embolic obstruction of one of 
the arteries of the stomach. Cohnheim’ perfected the technic by inject- 
ing chromate of lead directly into one of the arteriae gastricae which 
arise from the splenic artery. Animals killed within a few days of the 
experiment showed typical acute gastric ulcers, but all animals killed 
after the second week showed a normal mucous membrane as an evidence 
of the remarkable regenerative power of this structure, which has been 
brought out more and more clearly by later experimentation. It is 
impossible here to enter into the numerous attempts which have been 
made since to produce gastric ulcers experimentally. Suffice it to say 
that the latest endeavors in this direction by Payr’® and by Suzuki" are 
based on Cohnheim’s idea. They have been somewhat more successful 
because in their experiments through the use of injections of hot salt 
solution, dilute formaldehyd and dilute alcohol (Payr), or of silver 
nitrate, epinephrin or dilute solution of nicotin (Suzuki), more exten- 
sive local vascular lesions have been produced. This practically confirms 
Hauser’s statement in regard to the interdependence of the degree of 
vascular disturbance and the chronicity of the ulcer. But in these 
experiments even, the chronic ulcers so produced which may perforate 
and which may show extensive cicatrization with contraction in their 


surroundings, heal eventually. It is evidently impossible experimentally 


to reproduce exactly the conditions as they exist in man, but the resem- 
blance of these experimental ulcers to those in man is very striking."* 

Hauser made another very important observation. It had been 
asserted then, and is still frequently asserted now, that ulcer of the 
stomach is most frequently found in young individuals, more especially 
in young women suffering from chlorosis. This view is based on the 
clinical experience that such individuals often suffer from symptoms 
like hematemesis, which are commonly attributed to ulcer. Frequently, 
however, this clinical assumption lacks sufficient justification in fact, as 
is shown by the experience of surgeons who have operated on such 


8. Panum: Beitriige zur Lehre von der Embolie. Virchows Arch., 1862, xxv, 
490. In a dog he injected globules of black wax through a catheter introduced 
into the crural artery and pushed to the lower border of the ribs. The animal 
died nine and one-half hours after the experiment. In the fundus of the stomach 
he found an ulcer of the size of a hazelnut with black wall and bottom. Wax 
was found in arteries in the muscie and some in the black margins of the ulcer. 

9. Cohnheim: Vorlesungen fiber allgemeine Pathologie, Berlin, 1880, ii, 53. 

10. Payr: Ueber Pathogenese, Indikationstellung und Therapie des runden 
Magengeschwiirs. Deutsch. med. Wehnsehr., 1909, xxxv, 1556; Beitriige zur 
Pathogenese, pathologischen Anatomie und radicalen operativen Therapie des 
runden Magengeschwiirs. Arch. f. klin. Chir., 1910, xeiii, 436. 

ll. Suzuki: Experimentelle Erzeugung des Magengeschwiirs, Arch. f. klin. 
Chir., 1912, xeviii, 632. 

12. See photographs in Payr’s and Suzuki’s papers (1. ¢., notes 10 and 11). 
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patients. Hauser, looking over the material of the pathological institute 
at Erlangen, discovered that so far as necropsies show, ulcer of the 
stomach is not so exclusively or even frequently a disease of the young 
as had been supposed. In his series the majority of cases occurred after 
30. This observation of Hauser’s has been later confirmed by much 
larger statistical material. Oberndorfer,'* who bases his statistics on 
3,412 necropsies, among which there were 239 cases of gastric ulcer or 
of scars remaining from the same, gives the following table in regard 


to ages: 


Age, years. Cases. Age, years. 
5 50-59... 
21 60-69. . 
70-79. . 
26 Over 80 
24 


The preponderance of individuals over 30 is evident. He also makes 
the significant statement, that in old age one finds not only old ulcers, 
but frequently fairly recent ones. Oberndorfer’s statistics also correct 
the impression that gastric ulcer is more commonly found in women 
than in men. He finds exactly the same proportion in both sexes. He 
also shows that ulcer of the stomach is just as common in Munich as else- 
where, whereas Munich was supposed to enjoy a peculiar relative immun- 
ity from this disease. There is perhaps no other disease in which we have 
been indulging in so many preconceived notions which it is so difficult to 
eradicate when they are once fairly established. Paus,’* in Christiania, 
Norway, on the basis of 100 cases of gastric and duodenal ulcer, estimates 
the average age in man at 501% years and in women at 4834 years. 

Hauser was also the first to call attention to the fact that gastric 


ulcer is frequently associated with general arteriosclerosis, which, of 


course, supports the vascular theory. This remarkably close association 
was what called my attention to the matter. In studying arteriosclerosis 
the rather common occurrence of gastric or duodenal ulcer in arterio- 
sclerotics became so evident that almost unconsciously I began to look 
on it as a lesion comparable to arteriosclerotic scars in heart and kidneys, 
and I have so treated it in my paper on subacute and chronic nephritis’® 

Apart from the peculiar funnel shape of many of the deep ulcers, 
there is one feature which to my mind points very strongly to a relation 
of the ulceration to local disease of the arteries. This is the frequent 


13. Oberndorfer: Ueber die Hiiufigkeit des Uleus rotundum ventriculi in 
Miinchen. Miinchen. med. Wehnschr., 1909, Ivi, 1640. 

i4. Paus: Statistische Bemerkungen iiber peptische Uleerationen. Berl. klin. 
Wehnschr., 1912, xlix, 397. 

15. Ophiils, W.: Subacute and Chronic Nephritis as found in one thousand 
unselected necropsies. THe ArcHives INT. Mep., 1912, ix, 156. 
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erosion of arteries at the base of the ulcer, followed by severe arterial 
hemorrhage. If the blood-vessels were merely accidentally opened by a 
gradual extension of the ulceration into the tissues there is every reason 
to believe that veins would be more likely to be opened than arteries. 
This point has really not received the attention which it deserves. One 
has taken this fact of the frequent erosion of arteries as a matter of 
course, which it is not at all, and it is astonishing how indefinite the 
statements in literature are in regard to this phase of the subject. The 
majority of authors are quite content to repeat Cruveilhier’s haphazard 
statement that severe hemorrhages are apt to come from the splenic 
artery, which, so far as my experience goes, is very exceptional to say 
the least. The hemorrhages come from those arteries which supply that 
part of the gastric or duodenal wall in which the ulcers are situated ; 
that is, in the usual position of these ulcers the hemorrhage arises from 
branches of the arteria gastrica or gastro-epiploica dextra or of the 
arteria pancreatico-duodenalis. If the ulcer is the result of obstruction 
of such an artery, either by disease or embolism, one understands at once 
why the necrosis should involve these arteries, and an opening result 
when the necrotic material is removed by digestion. The wonder is 
then, not that we have so many severe hemorrhages, but that we do not 
have them even more frequently. 

Much has also been said about the abundant blood-supply of the walls 
of the stomach and duodenum and about the numerous anastomoses 
between the arteries. As a matter of fact, anvone who takes the trouble 
to dissect the arteries of the stomach will be astonished how poorly 
supplied with arteries are those parts of the wall of the stomach and 
duodenum where we usually find ulcers. This is particularly true of the 
extreme pyloric end of the stomach, at the lesser curvature and on the 
posterior wall, and of the beginning of the duodenum at its convexity. 
In the living, W. J. Mayo'* noticed the appearance of an anemic spot 
on the duodenum on the slightest traction. He says: 

‘The arrangement of the blood-vessels immediately distal to the pylorus is such 
that this traction may interfere with the vascularization, and the local anemia 
thus produced causes a white spot to appear on the duodenum just below the 
pylorus. 

Wilkie’* made a very careful study of the blood-supply to the first 
part of the duodenum. He finds that the spot described by Mayo is 
supplied by a small artery of varying origin (the “supraduodenal” artery) 
which is practically an end-artery. He also states that anastomoses 
between some other arterial branches which supply the first part of the 


16. Mayo, W. J.: Anemic Spot on the Duodenum which may be Mistaken 
for Uleer. Surg. Gyn. and Obst., 1908, vi, 600. 

17. Wilkie: The Blood-Supply of the Duodenum. Surg., Gyn. and Obst., 1911, 
xiii, 399. 
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duodenum are by no means free. He mentions in cases of duodenal 
ulcer the frequency of arteriosclerosis in the arteries which supply the 
site of duodenal ulcers, and for all these reasons he believes that lack of 
blood-supply is an important factor in the production of duodenal ulcer. 

Payr’* also calls attention to the frequency of thrombotic or arterio- 


sclerotic obstruction in arteries in resected specimens of human ulcers. 
The accompanying tables give the results of my own observations. 


The cases are unselected ones, found among about 1,500 necropsies. 


Fig. 1.—Photograph of uleers in Case I, 18 (XVI-58). 


I believe that Table 1 brings out strikingly the frequent coincidence of 
well-marked general arteriosclerosis with what for want of a better name 
we may call “chronic gastric or duodenal ulcer in individuals over 30.” 
In all cases in which such an examination was possible a microscopic 
examination of the arteries at the base of the ulcer showed very marked 


thickening of the intima, and frequently in addition complete closure 
18. Payr: Deutsch. med. Wehnsechr., 1909, xxxv, 1556. “Die Gefiisse finden 


wir nicht selten in Bereich dieser Starre veriindert; sie ziegen Wandverdickungen, 
Endarteritis, Endophlebitis, Organisation nach thrombotischen Verschlusse.” 
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TABLE 1.—Cases or CHronic ULCER OF StomAcy 


Sex. 


Age, 
Years. 


Location and Appearance 
of Uleer. 


Male 


Male 


Male 


Female 


Male 


Male 


Male 


Male 


Male 


| Male 


Female 


| Female 


112) 


16 
NIV-16 


17 
XV-66 


| 


18 
XVI-58 


Male 


Male 


Male 


Male 


Male 


Over 60 


Over 70 


About 40 


Over 60 


54 


61 


Over 


About 


“About 50 


Shallow chronic ulcer at lesser 


curvature, 


Deep chronic ulcer 1.5 x 1 em. in| 


pyloric region, head of pancreas 
involved. 


Deep chronic ulcer 1 x 2 cm. in 


posterior wall of pylorus. 


Deep chronic uleer size of quar- 
ter in posterior wall of pylorus. 

Rather shallow chronic ulcer 
6 x 2 em. on lesser curvature and 
anterior wall at pylorus. 


Deep chronic uleer 4 x 2.5 em. on 
lesser curvature near pylorus. 


Deep chronic uleer 2 em. in diam- 
eter on lesser curvature and 
anterior wall near pylorus. 

Deep chronic ulcer 1.5 em. in 
diameter at pylorus. 


Deep chronic ulcer about 1.5 em. 
in diameter at pylorus. 


Deep chronic uleer 3 em. in 
diameter in posterior wall at 
pylorus. 

Deep chronic ulcer 1.5 em. in 
diameter in duodenum 2 mm. 
from pylorus. 

Small chronic ulcer in anterior 
wall near lesser curvature, 
chronic perforating ulcer in pos- 
terior wall of duodenum near 
pylorus, 

‘hronie uleer 2 x 1 em. in ante- 
rior wall about 1 em. from 
lesser curvature about 10° em. 
from pylorus. 

‘hronie uleer about 1 x 1.5 em. 
at lesser curvature half way be- 
tween cardia and pylorus. 


hronic uleer about 1.5 em. in 
diameter on lesser curvature 
5 em. from pylorus, 
hroniec uleer on lesser curva- 
ture half way between pylorus 
and cardia. 
Chronie wleer about 1.5 x 0.75 em. 
in duodenum about 1 em. fron 
pylorus. 


Two small chronic ulcers about 6 
mm. in diameter about 6.5 em. 
from pylorus, one on lesser 
curvature, the other about 2 em. 
from it on posterior wall. 


| Condition of Arterie< 
| 


Local, 


Not examined. 


Not examined. 


Not examined. 


Not examined. 


Marked arteriosclerosis 
of small artery at 
base. 


Not examined. 


Marked arteriosclerosis 
of all arteries near u! 
cer, one entirely closed. 

Not examined. 


Not examined. 


Marked arteriosclerosis 
in arteries at base of 
ulcer. 

Not examined. 


Not examined. 


Not examined. 


Very marked arterio 
sclerosis in all arterial! 
branches at base of ul! 
cer extending beyon’ 
cicatrix. 

Not examined. 


Not examined. 


Not examined. 


Very marked arteric- 
sclerosis of arterial 
branches running 
uleer and of arterioles 
in base of ulcer. 


No. | | | 
1-75 | 
1-77 
1-109 
1V-58 
IV-82 | 
V-126 | 
1X-50 | 
| 
| 
72 
X1-28 
12 39 
XI1-41 | 
| | | 
13 40 | 
XIL-38 
| 
55 
| 
15 iz 45 
45 
= 67 
| | 
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ASSOCIATED WITH GENERAL ARTERIOSCLEROSIS 


Condition of Aorta and 


Condition of Arteries. 
of Heart. 


General. 


arteriosclerosis, | Marked atheroma of aorta; 


Marked peripheral 
heart twice normal size. 


large arteriosclerotic scars in heart 
and kidneys. 

Marked peripheral 
large arteriosclerotic scars in kidneys. 


arteriosclerosis, | Marked atheroma of aorta; 
atrophy of heart. 


Slight atheroma of aorta; 
concentric hypertrophy of 
left ventricle. 
Arteriosclerosis of coronaries and arte-| Marked atheroma of aorta; 
riosclerotie scars in kidneys. atrophy of heart. 

Slight arteriosclerosis of larger arter-| Slight atheroma of aorta; 
ies; arteriosclerotic scars in kidneys. marked hypertrophy of left 
ventricle; heart twice nor- 

mal size. 

Moderate arteriosclerosis of peripheral | Slight atheroma of aorta; 
arteries; arterioselerotic sears in kid-| heart normal. 
neys. 


Extreme arterioselerosis of small arter- 
ies; arteriosclerotie nephritis. 


Arteriosclerosis of splenic and renal | Atrophy of heart. 


arteries. 


arteriosclerosis; | Moderate atheroma of aorta, 


Marked peripheral 
Heart normal size. 


necrosis and arteriosclerotic sears in 
heart; arteriosclerotic softening of 
brain; arteriosclerotic scars in kidneys. 
Marked peripheral arteriosclerosis | Moderate atheroma of aorta, 
with cerebral softening; arterioscle-| Heart % normal size. 
rotic sears in heart and kidneys. 


Moderate peripheral arteriosclerosis. Normal aorta, normal heart 


arteriosclerosis;| Very marked atheroma of 
aorta; heart 
size. 

arterio- | Atheroma of aorta; heart 
114 times normal size. 


Marked peripheral 
arterioselerotic sears in kidneys. 


Peripheral arteriosclerosis; 
sclerotic sears in kidneys. 


Moderate atheroma of aorta; 


Moderate peripheral arteriosclerosis; 
heart normal. 


arteriosclerotic sears in kidneys. 


Moderate peripheral arteriosclerosis; | Aorta and heart normal. 
arteriosclerotic scars in kidneys. 


Marked peripheral arteriosclerosis 
with multiple thrombosis. marked concentric hyper 

trophy of left ventricle. 

ipheral arteries; arteriosclerotic sears| normal heart. 
in kidneys. 

Marked peripheral arteriosclerosis in- 
cluding large abdominal arteries and 
branches; arteriosclerotic scars in 
heart and kidneys. 

Marked peripheral arteriosclerosis ; 
small areas of softening in brain; 
small arteriosclerotic sears in kidneys. 


times normal size. 


heart 44 normal size. 


Death from suppura- 
tive cholecystitis. | 


Death from broncho- 
pneumonia, 


Death from  strepto- 
coccus tonsillitis. 


Death from carcinoma 
of cecum. 
Erosion of artery. 


Perforation, local ab- 
seess, erosion of 
artery, large hemor- 
rhage. 

Erosion of artery; 
large hemorrhage. 


Erosion of artery; 
fatal hemorrhage. 


Erosion of artery; 
fatal hemorrhage. 


Erosion of artery; 
fatal hemorrhage. 


norma! pneumonia. 


Slight atheroma of aorta: 
Marked arteriosclerosis of some eB yp atheroma of aorta; 


Slight atheroma of abdom- 
inal aorta; heart 1% to 2 


Moderate atheroma of aorta; ‘ase of 


Death from  broncho- 


[Perforation acute 


peritonitis. 


Perforation; subdia- 
phragmatie abscess. 


Severe local arterio- 
death in 
epileptic coma. 


sclerosis; 


Stenosis of pylorus; 
dilatation of stom- 
ach. 

Perforation; local 
abscess formation. 


Death from unresolved 
pneumonia. 


transverse 
| myelitis and chronic 

pulmonary tubercu- 
losis. 
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by subsequent thrombosis. These were by far the most numerous cases 
of gastric or duodenal ulcer (18 out of 23). 

One should not, however, imagine that it is always an easy matter to 
find the diseased artery. Frequently numerous sections must be cut 
from different places; in other words, the whole floor of the ulcer must 
be studied microscopically, before the diseased artery or arteries are 
found. It is astonishing how often directly adjoining an almost normal 


artery one finds another branch which is badly diseased (Fig. 5). 


Fig. 2.—Photograph of outer surface of stomach in Case I, 18 (XVI-58), 
showing arteriosclerotic arteries leading to ulcer. 


The most interesting case of this series is the last one (No. 18, xvi, 
58). Figure 1 gives a picture of the gross lesions. There were, in a case of 
severe general arteriosclerosis, two small almost symmetrical chronic 
ulcers on either side of the lesser curvature, somewhat nearer the cardia. 
Figure 2 shows the arteriosclerotic branches of the arteria gastrica which 
can be traced to the base of both ulcers which are situated at X.X. Fig- 
ures 3 and 4 show sections of these arteries; Figure 3 some distance from 
the ulcer and Figure 4 the same artery in the cicatricial tissue at the 
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base of one of the ulcers. (I may say that conditions in the other ulcer 
were very similar.) In Figure 4 the arteriosclerotic narrowing is 
apparently intensified by an additional obstruction with organized 


thrombus. 

One question remains to be answered: How do we know that the 
obstruction of the arteries in these cases is primary and not secondary to 
the chronic inflammatory changes at the base of the ulcers, as has been 
claimed so frequently? In the first place we can point to a well-marked 
general arteriosclerosis in all cases which, although frequent at this age, 
is not so constant that we should expect to find it so regularly and so well 


Fig. 3.—Microphotograph of arteriosclerotic artery in Case I, 18 (XVI-58) 
near ulcer. 


developed. In the second place, the lesion of the arteries can always be 
followed up to points well beyond the cicatricial base of the ulcer. 
Thirdly, in a number of cases at least, the lesion is histologically evi- 
dently arteriosclerosis as defined by Jores; that is, there is an abundant 
splitting up of the elastic membrane between intima and muscle and 
much new-formation of elastic tissue (Figures 3 and 4). But even in 
those cases in which this is not so evident, I still believe that we have to 
deal with arteriosclerotic lesions as distinct from local endarteritis. The 
condition represented in Figure 5 is almost conclusive on this point. 
This photograph shows a rather cellular intimal thickening in a branch 
of one of the gastric arteries without any new formation of elastic tissue 
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Fig. 4.—Microphotograph of arteriosclerotic artery in Case 1, 18 (XVI-58). 
Note cicatrical tissue at base of ulcer. 


Fig. 5.—Microphotograph of arteriosclerosis of branch of gastric artery with- 
out hyperplasia of elastic tissue in case of general arteriosclerosis without gastric 
uleer (Case P, 371). 


>. 
| 
GEG 
> 


Fig. 6.—Microphotograph of diseased artery ending abruptly on floor of 
ulcer in Case I, 10 (1X-67). 


Fig. 7.—Microphotograph of cellular intimal thickening in artery some dis 
tance away from ulcer in case of gastric ulcer in a young man. (Case II, 3, 
VII-93.) 
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in a case of general arteriosclerosis. There was no gastric ulcer present 
in this case, therefore no local inflammation which could produce end- 
arteritis. This case is also particularly interesting because there was a 
small scar in the outer layer of the muscular wall of the stomach at the 
point supplied by the obstructed artery; in other words, a lesion abso- 
lutely identical in origin with an arteriosclerotic scar of the heart muscle. 


TABLE 2.—Cases oF CHRONIC ULCER OF STOMACH 


| Age, Location and Appearance Condition of Arteries, 
No. | Sex. | Years. of Uleer. Local. 
| 
l | Male 33 | Deep chronic ulcer 1 em. in diam- "Marked arteriosclerosis 
1II-91 eter at pylorus over head of | 
| panereas, 
2 | Male 24 | Old sear and perforating ulcer | Marked “acute” arterio 
V-88 | 1 em. in diameter in duodenum sclerosis. of all arter 
| | near pylorus. ies near ulcer and sear 
| 
3 Male 39 Shallow chronic uleer 3.5 em. in| At base large artery 
VIL-93 diameter on lesser curvature) almost obliterated by 
5 em. from pylorus. | “aeute” endarteritis. 
4  |Male | 30 Chronic perforating ulcer about 
XV-131 | | 1.5 em. in diameter in wall of | 


duodenum 2 mm. from pylorus. 


* No arteriosclerosis in some of the arteries in sear, but at base of ulcer one artery and 


TABLE 3.—AcutTe 


| 
| Age, | Location and Appearance Condition of Arteries. 
No. Sex. | Years. of Uleer. Local. 
| 
1 | Male | 65 Acute deep ulcer about 6 x 1.5 em. 7 
XIV-30 | in posterior wall of duodenum 
directly adjoining pylorus, pan- 


creas exposed, 
| 


* At base of ulcer small perforated artery which is blocked by easily detached piece of 


Figure 6 taken from another case, is of some interest on account of 
the suggestive way in which the obstructed artery opens up on the 
surface of the ulceration. The artery is eroded from in front and not 
from the side. I have found many such places in my specimen, some- 
times several in one ulcer. 

In regard to the reasons why such ulcers should become chronic, I 
have very little to add to Hauser’s arguments. It is merely a matter of 
malnutrition of the adjoining tissues which prevents regeneration and 
which we cannot imitate in our experiments on animals. 
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My impression is that such arteriosclerotic ulcers in persons over 
30 heal very rarely, and, from what I can gather from literature, they 
are extremely refractory to treatment. 

The second group of ulcers (11, 1-4) in young individuals is quite 
different. There is no, or very little, general arteriosclerosis. The arteries 
show a local, usually quite cellular, endarteritis as shown in Figure 7. In 


THE YounG LocaL ARTERIOSCLEROSIS 
Condition of Arteries. | Condition of Aorta and 
General. of Heart. | Remarks. ; 
| | 
Small arteriosclerotic sears in kidneys.| Atrophy of aorta and of —- of pylorus, 
heart. | dilatation and hyper- 
| trophy of stomach. 
\pparently normal. Apparently normal. Nevere local arterio- 
| sclerosis ; perfora- 
| tion; acute  perito- 
| nitis. 
Slight peripheral arteriosclerosis. Slight atheroma of thoracic, Severe local arterio- 
more marked of abdominal sclerosis; fatal hem- 
aorta; normal heart. orrhage. 
Slight peripheral arteriosclerosis. Heart and aorta small. Severe local arterio- 
sclerosis ; perfora- 
tion; fatal perito- 
nitis. 


its branches practically occluded by arteriosclerosis. 


Utcer oF STOMACH. 
= — = 
Condition of Arteries. Condition of Aorta and ; 
General. of Heart. Remarks ; 
Slight peripheral arteriosclerosis. Slight atheroma of aorta; |Acute embolic ulcer: 
heart ™% normal size. fatal hemorrhage. 


irombus (embolus-thrombi in left heart and in aorta). 


these cases the question whether the arterial disease is primary or second- 
ary is much more open to discussion, although I am inclined to believe, 
that in such instances also one is dealing with a local primary disease of 
the arteries like that which nobody denies to exist in cases of spontane- 
ous gangrene of the leg in young individuals. The one strong reason in 
favor of this view is that the disease in the arteries in these cases also 
usually extends a good distance beyond the base of the ulcer as shown 
in Figure 7. 
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Here also, as in the case of early gangrene, the question arises 
whether the intimal thickening is primary or secondary to thrombosis. 
The few cases at my disposal hardly justify any final conclusions in this 
regard. 

It is quite likely that ulcers of this second group have a more marked 
tendency to heal, unless the individuals die from perforation or from 
hemorrhage, although in Case 11, Table 1, a definite stenosis of the 
pylorus was produced by one of them. It may be that Tyson'® has such 
cases in mind when he says: 

I consider the division between acute and chronic ulcer much more marked 
than Sir Bertrand Dawson has admitted. I have seen some 300 cases of gastric 
ulcer during the last thirty vears and have watched their progress. With regard 
to cases of gastric ulcer under 25, if they do not die suddenly from hemorrhage 
and perforation they invariably get well, whereas the chronic cases after 30 
form another class consisting as often, if not more often, of men as of women. 

I do not think it is well to distinguish these two groups as acute 
and chronic ulcer, although there is some truth in this distinction. I 
should prefer to speak of them as the gastric (or duodenal) ulcer of 
the young and as the arteriosclerotic ulcer of later life. 

Case 3.1 is a typical case of acute embolic ulcer of the duodenum with 
fatal hemorrhage. Such ulcers have been frequently described in liter- 
ature, especially after burns and after operations (I myself observed 
another case after hysterectomy), and are generally conceded to be due 


either to embolism or thrombosis as the case may be. 


CONCLUSIONS 

From the above I believe we are justified in drawing the following 
conclusions : 

1. The most common type of gastric (or duodenal) ulcer, at least 
in material obtained by necropsy, is the arteriosclerotic ulcer in persons 
over 30 years of age. 

2. There is a second class of gastric (or duodenal) ulcer, in the 
young, which is probably due to local endarteritis (thrombo-arteritis?). 

3. In addition to these, one occasionally observes acute embolic (or 
thrombotic) ulcers. 


Sacramento and Webster Streets. 


19. Tyson: Diseussion on Gastrie Uleer. Brit. Med. Jour., 1912, ii, 950. 


EFFECT OF CHANGE OF POSTURE— WITHOUT ACTIVE 
MUSCULAR EXERTION—ON THE ARTERIAL 
AND VENOUS PRESSURES * 


JOSEPH H. BARACH, M.D., anp W. L. MARKS, M.D. 
PITTSBURGH 


In this consideration we present the results of our investigations on 
the effects produced by change of posture, when this change is brought 
about without effort on the part of the subject. It is, of course, under- 
stood that in the standing posture there is exerted a constant muscular 
effort, while in the horizontal posture this element is eliminated. 


METHODS 


Our subjects were placed on a table with a movable top. This top 
was set and balanced so that when the subject was once placed in posi- 
tion, he had no further occasion for voluntary muscular effort. After 
stepping onto the foot-board of the table, which was about 6 inches above 
the floor, the arm-pieces of the blood-pressure instruments were attached. 
The instrument for arterial pressure was of the usual type, mercury. 
column, cuff 10 cm. wide. The apparatus for measuring the venous 
pressure was that of the type constructed by Hooker and Eyster, which 
is a modification of the one by Von Recklinghausen. The cuff of the 
arterial pressure apparatus was applied to the right arm at the heart 
level; the venous measuring attachment, to the left arm whenever pos- 
sible, at the level of the auricle. The arterial pressure readings, maxi- 
mum and minimum by the auscultatory method, were made one every 
minute, beginning on the minute, for five consecutive minutes. After the 
fifth reading, the venous pressure was estimated. The venous pressure 
reading finished, the subject was instructed to lean back in a completely 
passive way, on the table board. He was then tilted to the horizontal 
posture, and the table top was fastened down with a chain. In most 
instances it would not have been necessary to fasten the board on account 
of the balancing toward the upper half of the table. Five consecutive 
readings of the maximum and minimum pressures were made in this 
posture, and about half a minute after the last arterial reading the venous 
pressure was estimated. The table was gradually retilted to the erect 
posture when five arterial readings and one venous estimation were again 
made. 


* Presented at the Fifteenth International Congress of Hygiene and Demog- 
raphy, Washington, D. C., September, 1912. 
* Submitted for publication in THe ARcuives, Jan. 28, 1913. 
* From the Department of Student Health, Carnegie Institute of Technology. 
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We presumed that five minutes was a sufficient length of time for the 
circulation to orient itself in response to the effects of this change of 
posture, and by eliminating as much as possible, the active muscular 
effort, we expected results that would be of easier interpretation than 
when the subject exerts himself in changing his postures. 

Material.— The forty-eight subjects of these experiments were 
students at the Carnegie Institute of Technology; their ages varied 
between 15 and 30 years. About one-third of these were members of the 
various athletic teams. Their state of health, their muscular develop- 
ment, the condition of their hearts and their strength tests all enter into 
this consideration and will be, respectively, considered as influential 
factors in the behavior of the circulation as it responds to changes in 
posture. 

Arterial Pressures.—The height of the maximum arterial pressures in 
this series was at the usual level. A curve based on the ages of the 
subjects would show a gradual increase with the advance of years. _ 

In comparing the regularity of the maximum and minimum pressures 
we find that the minimum pressure level is more constant—is subject to 
less variation than the maximum. 

It is interesting to note in the individual cases how much fluctuation 
in the blood-pressure actually takes place each minute under psychic 


influences. We have eliminated almost every other element in these 
experiments except this one, which is largely a matter of personal equa- 
tion. The error due to this is inherent in all work, on the healthy and 
diseased, on the strong and the weak. So far as the reliability of the 
total results is concerned, we believe this to be a neglible factor, particu- 
larly since we carried the experiments over a five-minute period. The 
illustrations show this constant oscillation of the arterial pressures. 


Venous Pressure.—The venous pressure readings were taken whenever 
possible on the arm at the level of the subcostal angle, i. e., at the level of 
the right auricle. Such were the only cases included in our series on 
which we base our figures of what constitutes an average normal venous 
pressure. 

Our findings in those cases in which we had to make our readings 
below or above the level of the auricle did not always show a constant 
relative difference comparable to the distance above or below the mark. 
In that respect our observations do not bear out those of other 
investigators. 

In our observations on the effect of change of posture on the venous 
pressure, all our readings are included; since the absolute height of the 
venous pressure did not enter into the consideration. 

Pulse Pressure-—With the advent of the auscultatory method for 
estimating the maximum and minimum arterial pressures, we were more 
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certain of our readings in this work than with the graphic method as 
interpreted by the Erlanger instrument in our former work. The aus- 
cuitatory method has made the investigation of the pulse pressure acces- 
sible for clinical study as well as physiological research and we may hope 
for valuable information as the evidences accumulate. 


ARTERIAL PRESSURES OF THIS SERIES 


The height of the maximum pressures ranged between 95 and 140. 
The minimum pressures between 65 and 92 mm. As previously noted, 
the greater variation occurs in the maximum pressure, and both maximum 
and minimum blood-pressure rise with the advance of years (Fig. 1). 

In twenty-two of these cases we have the strength test for comparison 
and study. The test consists of measuring according to the inter- 
collegiate standard. 

In those whose strength total ranged between 704 and 541 kilo, the 
average maximum pressure in the erect posture was 124.26, the average 
minimum pressure was 79.35, the pulse pressure 44.91, while in those 


150 


Fig. 1—Chart showing averages of blood-pressure at different age periods. 
The line A-A indicates a higher than average blood-pressure in trained athletes. 


whose strength tests varied between 505.4 and 355.9 kilo, the average 
maximum pressure was 120.57, average minimum pressure 74.61 and 
average pulse pressure was 45.96. 

These figures will tend to show that the stronger individuals have 
higher blood-pressures. This is not entirely true, for the circulation of 
some of our very best athletes, who are actually human towers of strength 
and endurance, goes along easily and quietly with a low blood-pressure. 
Such a one is in fact the best type of athlete. But in a series of athletes 
we meet with many who have trained up to a point of efficiency, and in 
that training have developed a compensatory hypertrophy. It is these 
who have higher than average blood-pressures, and these occur frequently 
enough to bring up the average. (See Line A—A, Fig. 1.) 

Effect of Change of Postures on Arterial Pressures.—The blood- 
pressure readings, as previously stated, were taken on the minute for five 
consecutive minutes, first in the erect, then in the horizontal, then again 
in the erect postures. In studying the effect of change of posture on the 
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behavior of the arterial pressures, we thought it advisable to extend the 
readings over a period of five minutes. The pressure readings over these 
five minutes were averaged and Table 1 shows the results of the change 
of posture. 

The conclusions to be drawn from these observations are: When the 
element of active muscular exertion has been eliminated, the manner in 
which the circulatory system responds to the effect of bodily posture, 
under the stated conditions, is as follows: In changing from the erect to 
horizontal the maximum pressure will usually be increased, the minimum 
pressure will almost always be diminished. When the erect posture is 
resumed, the maximum pressure will almost invariably fall and the 
minimum almost invariably rise. In the falling of the maximum pres- 
sure, when the erect posture is resumed, it will nearly always fall con- 
siderably below the previous height of the first reading, while the mini- 
mum pressure may be higher or lower than the first reading, with almost 
equal frequency (Table 1). 


TABLE 1.—Errect oF CHANGE OF PoSTURE ON MAXIMUM AND MINIMUM 
PRESSURE. 


-—Maximum Pressure— --Minimum Pressure— Than 
Erect. Horizontal. Erect. irst. Erect. Horizontal. Erect. First. 
x 28+ 7+ x 44 43+ 25+ 
20— 40— 44— 4— 21— 
First column: X = height of maximum pressure in erect. 
Second column: = increase of maximum pressure when changed to hori- 
zontal. 
Second column: — = fall of maximum pressure when changed to horizontal. 
Third column: — = fall of maximum pressure when changed to erect. 
Third column: + = rise of maximnm pressure when changed to erect. 
Fourth column: — = the height of maximum pressure was lower when the 
erect posture was resumed, than the first readings in the erect. 
Fourth column: + = height of maximum pressure greater than first. 
Columns 5, 6, 7, 8 read in same way as 1, 2, 3, 4. 


PULSE PRESSURES 

The pulse pressures in this series, in the erect posture ranged between 
15 and 72 minimum Hg, the average for the series being 36.46. It 
was greater in the cases in which the maximum pressure was higher. 

Arranged according to age of the subjects, the pulse pressure in the 
erect posture in those between 16 and 21 years was 37.1 mm., while those 
between 21 and 30 years was 40.61 mm. 

Effect of Change of Posture on Pulse Pressure.—Change of posture 
from the erect to horizontal caused an increase in forty and a fall in 
seven. From the horizontal to erect caused a decrease in forty-one and 
an increase in four. In the fall from the horizontal to erect, the pulse 
pressure fell lower than it was at the first reading in the erect, in thirty- 
four cases. It remained higher than the first reading in eleven cases. 
The pulse pressure seems to vary in the same direction as the maximum 
pressure. 
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In the Strongest Half of the Series —On change from the erect to 
the horizontal, the maximum pressure was increased in seven and dimin- 
ished in four. From the horizontal back to the erect, it was diminished 
in nine and increased in two. 

In this fall the maximum pressure reaches a lower level than it was 
at the first reading in the erect in ten cases out of eleven. 

The minimum pressure, in this series, from the erect to horizontal, 
fell in nine and rose in two. From horizontal to erect, it rose in ten and 
fell in one. This rise was to a higher level than the first reading in six 


Fig. 2—Chart showing maximum and minimum pulse-pressure in the erect 
and horizontal positions in a typical case. 


cases and not so high as the first in five cases. The pulse pressure from 
erect to horizontal increased in nine, and diminished in two. From 
horizontal to erect, diminished in nine and increased in two. This fall 
was lower than the first reading in six cases. 

In the Weaker Half.—From erect to horizontal, the maximum rose 
in six and fell in four. From horizontal to erect, caused a fall in eight 
and a rise in two. This fall was lower than the first reading in the erect 
in eight and higher in two. 

The minimum pressure on change from erect to horizontal fell in 
nine and rose in one. From horizontal back to the erect again, caused a 
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rise in all ten. In half of this ten a higher level was reached than the 
readings in the first erect posture; in the other half it was lower. 

In Poor Muscular Cases—Change from erect to horizontal caused a 
fall in seven and a rise in six. From horizontal to erect, a fall in nine 
and a rise in three. In this fall eight out of eleven remained lower than 
the first readings in the erect posture. The minimum pressure from the 
erect to horizontal increased in eleven and fell in one. From horizontal 
back to the erect, increased in six and fell in five. 

In Heart Cases.—In this series of heart cases, we make no attempt 
to classify the lesions. Rather do we include those cases in which the 
state of the heart is frankly open to the criticism of probable cardiac 
inefficiency. Two cases showed irregularity, one aortic systolic murmur, 
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Fig. 3—Chart showing maximum and minimum pulse-pressure in the erect 
and horizontal positions in another typical case. 


one case Broadbent’s contraction from an old pericarditis, two mitral 
systolic murmur cases, and two cases showed very prominent apex impact 
with weakness of cardiac sounds. Changing from the erect to the hori- 
zontal caused in the maximum pressure an increase in five and a fall in 
four. From the horizontal back to the erect, a fall in six and an increase 
in two. This fall was to a lower level in six out of seven cases. 
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The minimum pressure after change from erect to horizontal, fell in 
eight and rose in one. From horizontal to erect, rose in seven and fell in 
one. This rise was to a higher level in five out of eight cases. 


VENOUS PRESSURES 


To determine first what is the height of the venous pressure in the 
normal, we picked out of our series of observations twenty-six cases in 
which we could measure the venous pressure at the level of the auricle. 
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Fig. 4.—Chart showing syncope during the experiment with rapid rise in 
pulse-pressure on placing the patient in a horizontal position. 


In the erect posture the height varied between 8 and 18 cm. water. 
In the horizontal between 3.5 and 11 cm. The average pressure between 
the ages of 16 and 20 years was 9.59 cm. in the erect. Between 21 and 
26 years 11.2 cm. 

Change of posture in all the cases from the erect to horizontal caused 
a decrease in twenty-four and an increase in two. From horizontal to 
erect an increase in twenty-five and a decrease in one, and this increased 
pressure was higher than the first erect posture in twelve. It was lower 
in eight and equal in five. 
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RELATIONS BETWEEN THE PULSE PRESSURE AND VENOUS PRESSURE 


In table form we arranged the cases according to the height of the 
pulse pressure average for five minutes. We find that the added venous 
pressures in the first half, which includes those of the higher pulse 
pressure, is 127 cm. water, while that of the lower pulse pressures is 123 
em. Showing that in this series the tendency is to greater pulse pressures 
and greater venous pressures occurring simultaneously. 


RELATIONS BETWEEN “HEART CASES” AND VENOUS PRESSURE 


Table 2 shows that in the case of aortic insufficiency, the venous 
pressure rose instead of falling on change from the erect to horizontal 
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Fig. 5—Chart showing rapid fall in pulse-pressure during the experiment, 
with syncope in six minutes. Rapid rise on placing the patient in a horizontal 


position. 
posture. The other cases, irrespective of the lesions, responded as does 
the normal circulation. 
SYNCOPE 
In a number of these cases syncope occurred during the examination. 
The two charts (Charts 4 and 5) show the behavior of the arterial and 
venous pressures. 
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In one case (Chart 4) the maximum pressure fell in three minutes, 
from 120 down to 80; the minimum from 85 to 65, then the pulse at the 
brachial became inaudible, and the subject soon relaxed to falling. We 
tilted the table to the horizontal posture and within two minutes got the 
first reading at which the maximum pressure had reached its former 
height, but the minimum pressure did not go quite so high as formerly. 

After five minutes in the horizontal posture the erect posture was 
resumed. The maximum pressure responded normally by falling, but the 
minimum pressure showed a tendency to fall instead of rising as it 
should. The venous pressure reading from horizontal to erect responded 
normally. 


TABLE 2.—ReEtations Between HEART CASES AND VENOUS PRESSURE. 
No. Erect. Horizontal. Erect. 


18 Aortic insufficiency ................. + 
92 Hypertrophy—general condition poor. . x + 
36 Mitral insufficiency .............. x 
54 Broadbent’s contraction ........... x -- 
90 Hypertrophy—general condition poor.... x + 


The second case (Chart 5) showed a steady falling of pressure with 
each minute reading, and from the restlessness of the subject we sus- 
pected what was going to happen; therefore, we carried on our observa- 
tions in the first erect posture for six minutes, at which time the sounds 
at the brachial became inaudible, and the subject a little later, relaxed to 
falling. After being placed in the horizontal posture, the maximum 
pressure rose higher than at the first reading in the erect, and the mini- 
mum pressure rose, but as in the other case, to not so high a level as 
formerly. In this case we did not get the venous readings. 


SUMMARY 


1. When the element of muscular effort has been eliminated, change 
of bodily posture from the erect to the horizontal will cause an increase 
in the maximum pressure, a decrease in the minimum pressure and an 
increase in the pulse pressure. 

2. After five minutes in the horizontal posture when the subject is 
retilted to the erect posture, the maximum pressure will diminish, the 
minimum pressure increase and the pulse pressure diminish. It will be 
noted that in both instances the pulse pressure follows the same trend 
as the maximum pressure. 

3. Change of posture from the erect to horizontal caused a fall in the 
venous pressure. 

4. Change of posture from the horizontal to erect caused an increase 
of the venous pressure. 
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It will be noted that the venous pressure follows the same trend as 
the minimum pressure. 

Nearly all subjects of this series responded in the same way. The 
most notable exception was in the “Poor Muscular Cases.” These cases 
showed a tendency to a reversal of the pressure curve. From erect to 
horizontal caused in more than half of the cases a decrease of the maxi- 
mum pressure and an increase of minimum pressure. 


GENERAL SUMMARY 
Erect Horizontal. Erect 


Maximum 
Minimum 
Pulse pressure > 
Venous pressure 


4502 Fifth Avenue. 
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BUDDING AND OTHER FORMS IN TROPHOZOITES OF 
ENTAMOEBA TETRAGENA 


SIMULATING THE “SPORE CYST” FORMS ATTRIBUTED TO “ENTAMOEBA 
HISTCLYTICA” * 


SAMUEL T. DARLING, M.D. 
ANCON, CANAL ZONE 


INTRODUCTION 


Working with richly infected material from kittens infected rectally 
with BE. tetragena, very interesting forms were detected in a senile race. 
These are so much like Hartmann’s figures of Schaudinn’s preparations 
illustrating the spore cyst development of EZ. histolytica as to be prac- 
tically identical with them. They also correspond very closely with 
Schaudinn’s' and Craig’s* descriptions of the alleged perpetuating forms 
of E. histolytica. 

Hartmann® has called attention to the wide-spread distribution of 
E. tetragena, and has expressed his opinion that most of Schaudinn’s 
histolytica material is really 2. tetragena. 

In Panama, while the perpetuating forms of FE. tetragena (cysts) 
have been detected in a number of cases, nothing save some budding © 
forms in fresh material from one fatal case, and the remarkable forms in 
rectally infected kittens have ever been seen by me which resemble the 
descriptions of Schaudinn and Craig for the spore cyst development of 
E. histolytica. 

Based on findings in clinical cases of entamebic dysentery, from 
autopsy material and animal feedings and inoculations, I am of the 
opinion that the pathogenic entameba of Panama is E£. tetragena, and in 
all likelihood 2. histolytica is a spurious species. 


FEATURES OF THE REPRODUCTIVE PROCESS IN E. HISTOLYTICA, ACCORDING 
TO SCHAUDINN 


Schaudinn (quoted from Craig, loc. cit., Note 2) stated that the 
reproduction of EZ. histolytica by sporulation occurs after a lengthy period 
of lively increase when the conditions of life have deteriorated. In dys- 
entery this is simultaneous with the commencement of healing. During 
the height of the disease he never found these permanent stages. 


* Manuscript submitted for publication in Tue Arcuives, March 15, 1913. 
1. Schaudinn: Arb. a. d. k. Gsndhtsamte, 1903, xix, 3, p. 547. 

2. Craig: Parasitic Amoebae of Man, 1911, Lippincott, Phila. 

3. Hartmann: Handb. d. Pathog. Protoz. (Prowazek), First Instalment. 
Barth, Leipzig, 1911. 
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Schaudinn further stated that the beginning of the spore formation 
is first noticed in the nuclear apparatus, and the succeeding changes 
noted by him are as follows: 


1. Broadening of the peripheral chromatin zone of the nucleus, and extension 
into the nuclear plasm, the nucleus becoming less differentiated. 

2. Large quantities of chromatin are surrendered to the cytoplasm in the 
form of granules. 

3. The amount of chromatin in the cytoplasm increases until the entire 
organism appears to be filled with it, while the remainder of the nucleus 
degenerates. 


Forms noted during life: 

1. Location of the nucleus at the periphery generally in the shape of a flat 
disk. 
2. Sometimes expulsion of the nucleus under the eye of the observer is seen. 


3. Development of a fine fibrous structure of the peripheral ectoplasm indi- 
cating the formation of buds which finally project from the surface. 

4. Separation of buds in the shape of small globules 3 to 7 microns in diameter. 

5. Development of a double outline membrane on the globules, which becomes 
brownish in color in a few hours. 

6. Breaking up of parent entameba. 

A staining of the series of stages gives the following results: 


1. Giving off chromidia by the nucleus to the cytoplasm, which appears to 
multiply and seatter through the entire organism, the nucleus degenerating and 
either dissolving or being extruded. 

2. Withdrawal of chromidia from endoplasm and collecting in dense fibrous 
tissue of ectoplasm, permeating the latter as a uniform reticular chromidial mass. 

3. Ectoplasma buds filled with a chromidial mass protrude on the surface 
of the parasite and are budded off from the parent body. 

4. When the sheath of these globules is formed, staining substances no 


longer act well. 


THE ENTAMEBAE USED IN THESE EXPERIMENTS 


Recently I received some material from a case of entamebic dysentery 
in an American. The stool contained mucus, pus, blood and entamebae. 
The trophozoites were large in size, some were vacuolated and others 
granular. The nucleus of many was distinctly visible in the fresh speci- 
men and many of the trophozoites had engulfed erythocytes. In wet- 
fixed preparations stained with Mallory’s phosphotungstic acid hematoxy- 
lin, differentiated with permanganate of potash, the centriole and periph- 
eral chromatin granules were of fair size and stained sharply. The 
karyosome was usually indistinct, though definite in a few forms. No 
cysts were seen and none of the trophozoites contained chromidia. On the 
whole, most of the trophozoites were of the adolescent or histolytica 
type, meaning by this that they resembled the forms figured by Hart- 
mann and Werner as £. histolytica in contradistinction to the forms of 
the mature smaller generation with prominent karyosomes and large 
blocks of chromidia usually recognized as EF. tetragena. 
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METHOD OF MATURING THE STRAIN 


Kittens were inoculated by rectum with material from this case and 
when the disease developed and the kittens died, another set was inocu- 
lated rectally with material from the preceding and so on, in order to 
mature the straim. As the strain matured, the trophozoites became 
reduced in size, their karyosomes and centrioles more conspicuous, and 
chromidia began to appear first as fine acicular particles in the third 
remove, and later in the fourth remove as small and large blocks. From 
the fourth remove a number of stained preparations wet and dry-fixed 
were made. An examination of these preparations showed that the 
trophozoites had now become reduced in size and chromidia had appeared 
in every trophozoite, though entirely absent in the first and second 
removes, and the karyosome of the nucleus had usually become very 
prominent; not only so, but unmistakable uninuclear cysts were seen in 
this material from the fourth remove. 


THE ABERRANT FORMS OF E. TETRAGENA SIMULATING THE “SPORE CYST” 
DEVELOPMENT OF “E. HISTOLYTICA” 


Dry-fixed films were examined ; these had been stained with Hasting’s 
stain, followed by Giemsa’s, and differentiated with ammoniated 60 
per cent. alcohol. In certain slides most of the trophozoites con- 
tained chromidia. The cytoplasm was frequently condensed along the 
periphery, and also here and there in quite solid islands staining like 
the chromidia a deep navy blue. In other trophozoites the paler blue 
endoplasm or the dark blue condensed periphery, sometimes containing 
chromidia, had become pinched off into buds and protuberances of irreg- 
ular size. These in a number of instances had become detached from the 
parent body. The buds never contained purple-staining substance save 
when a bud corresponded with a nucleus or when it was obscured by 
what appeared to be superimposed bacteria or débris. Most of the dry 
fixed films did not present the budding appearances just described, but 
displayed a more homogeneous appearance free from the condensed 
cytoplasm at the periphery, and budding forms were not detected. A 
number of trophozoites contained nuclear fragments of tissue cells or 
leukocytes. In contradistinction to chromidia, which stains navy blue, 
these nuclear fragments stained purple exactly like tissue nuclei outside 
nearby. This is a point of some importance, for these nuclear fragments 
no doubt have been mistaken for chromidia, which does not stain purple 
with Romanowsky stains, but navy blue. 

A number of wet-fixed films, however, contained the peculiar forms 
in question. These were fixed in Zenker’s solution one-eighth, one-fourth 
and one-half strengths, and in Schaudinn’s fluid, besides various other 
fixatives, in order that comparisons might be made of the effects of 
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various fluids on the entameba. Likewise, different staining methods were 
employed. Good results were obtained with Mallory’s phosphotungstic 
hematoxylin and Leishman’s alkaline methylene blue (polychrome), 
differentiated with tannin. All the preparations presented unmistakable 
and positive evidences of their identity, i. e., 2. tetragena, by the nuclear 
characteristics, chromidia and the presence of cysts. The apparently 
normal trophozoites were present in enormous numbers; many fields 
contained nothing but them. The vast majority of the forms were typical 
trophozoites of the mature or precyst generation of E. tetragena. The 
nucleus stained sharply, there was a densely stained large centriole and 
usually a conspicuous karyosome. The chromidia present was in large 
or small crystalloid particles. These trophozoites had in general the 
appearance of E. minuta Elmassian, and of E. tetragena, as figured by 
Hartmann, Viereck, Werner and Craig. 

The nucleus in the aberrant forms usually took up an extreme 
peripheral position, often as though stuck on the outside of the tropho- 
zoite. Frequently the nucleus was attached to the trophozoite by a long 
or short thin pedicle, and a number of free nuclei were seen. The 
nucleus in these aberrant forms rarely stained sharply, the peripheral 
chromatin being diffused, swollen and not displaying the granules noted 
in normal tetragena trophozoites nearby. The nucleoplasm was stained 
rather deeply, as though due to diffused chromatin in the plasma. There 
was marked distortion of the nucleus in a few forms, it having taken on 
an ameboid shape. The centriole usually stained well, but the karyosome, 
while occasionally to be made out in part, was usually very indistinct 
and obscured by the diffused chromatin in the nucleoplasm. In some of 
the budding forms the nucleus failed entirely to stain, but its architecture 
sometimes could still be made out distinctly. The cytoplasm of some 
of the aberrant forms stained deeply around the nuclear area as though 
chromatin was being diffused out in a fluid form from the nucleus. 
Occasionally one found a trophozoite free from chromidia or in the act 
of extruding it, and a good deal of free chromidia was seen in the films. 
These trophozoites which were more or less free from chromidia had a 
clear translucent appearance, being free from chromidia, and these were 
the ones that exhibited budding forms. The buds appeared anywhere 
on the periphery and in numbers from one or two to a dozen. They were 
usually translucent and homogeneous, and while most were free from 
chromidia, some of them contained particles of chromidia, or oftener a 
pinched-up chromidial mass usually attached to the periphery of the 
bud. The budding forms always stained like defunct microorganisms. 

Comparing the pictures displayed in wet-fixed preparations with those 
dry-fixed and stained with Romanowsky, it is noted that budding forms, 
extruded buds, chromidia and nuclei are seen in each. 
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Naked protoplasmic buds, excepting in the case of the nucleus, are 
usually free from chromidia or chromatin, and nothing like a bud capsule 
was seen. The extreme dislocation of the nucleus, as well as its presence 
attached by a pedicle, is noted in each. A very striking feature of the 
dry-fixed film is the pallor or peculiar greenish blue-staining ground sub- 
stance or karyoplasm which supports the purple-staining substance 
(karyosome) of the nucleus. This pallor and absence of dark blue- 
staining substance may correspond with the diffusion of the basichroma- 
tin out from the nucleus noted in some of the wet-fixed films. 


SCHAUDINN’S ERRONEOUS INTERPRETATIONS 


Schaudinn accurately described the changes noted by him in his 
Chinese case of dysentery, and his descriptions and Hartmann’s draw- 
ings of Schaudinn’s preparations of EF. histolytica correspond precisely 
with changes here described in a race of FZ. tetragena from man, matured 
in the kitten. I believe, however, that Schaudinn’s interpretations were 
entirely wrong in so far as they referred to a mode of development. 

Seriatim the points of correspondence and difference between Schau- 
dinn’s observations in man and my findings in kittens are these, the 
numbers referring to paragraphs in Schaudinn’s propositions: 

1. There is, as Schaudinn described, a broadening of the peripheral 
chromatin zone of the nucleus and its extension into the nuclear plasm. 
The nucleus becomes less sharply differentiated and chromatin appears 
to be distributed to the cytoplasm, but chiefly, I believe, by diffusion of 
flud and not usually in the form of granules. 

2 and 3. The chromidia seen in the cytoplasm of the trophozoites, in 
my opinion, would seem to be chromidia more nearly in the sense of 
Hertwig, that is, extranuclear chromatin, though not functionless. This 
chromidia, I believe, is formed as fine particles in the cytoplasm and is 
trophochromidia in the sense of Mesnil *05. Dry-fixed preparations 
stained with Romanowsky show that this chromidia is formed in the 
cytoplasm, and as the strain increases in age, the chromidia usually con- 
denses in the form of crystal-like particles and large blocks. Traces 
of this chromidia were seen in Remove 3 as fine acicular navy-blue par- 
ticles (Romanowsky) ; these become condensed to form the large-sized 
particles seen in Remove 4. Staining reactions seem to indicate that 
while there is great similarity between nuclear chromatin and tropho- 
chromidia, there are well-marked differences which may be brought out 
by certain stains. 

Forms noted during life: 

1. Dislocation of the nucleus. The nucleus is placed at the extreme 
periphery in the shape of flat disks at the border of the cytoplasm just 
as Schaudinn described. There is also expulsion (2) of the nucleus. 
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EXPLANATION OF FIGURES 


PLATE I 


Nos. 1 to 12: dry fixed films, stained by Hasting’s and Giemsa’s stain, differ- 
entiated in ammoniated alcohol. Nos. 1 to 8 show budding forms. The periphery 
is generally dark and the interior pale in tone. Nos. 1 and 2 contain dark navy 
blue, almost black, crystalloidal particles of chromidia. The purple staining 
substance of the nucleus is imbedded in a pale blue ground substance. Disloca- 
tion of the nucleus is seen in No. 6. No. 5 is a trophozoite which has extruded 
its nucleus. Nos. 9 and 10 represent a free bud of ectoplasm, and a nucleus 
respectively. No. 11, a trophozoite with buds and five phagocyted fragments of 
nuclei of tissue cells or mononuclear leukocytes. No. 12, a, b and ec, free tissue 


cell nucleus and fragments of same for comparison with phagocyted fragments 
in No. 11. 
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PLATE IJ 


Nos. 13 to 23, wet-fixed films. No. 13, a trophozoite with typical tetragena 
nucleus and chromidia. This represents the vast majority of trophozoites in the 
films. Their outlines were round, ovoid and oblong. No. 14, a mononuclear 
tetragena cyst from one of the films. No. 15, dislocation of nucleus and chromidia 
in small particles with a large bud. No. 16, extrusion of nucleus and a bud 
containing a mass of chromidia. No. 17, karyorrhexis. The nucleus is apparently 
giving up its chromatin to the cytoplasm. Note that the tetragena features 
of its karyosome are still present; two buds are shown. No. 18, dislocation of 
nucleus; several small buds of irregular size and one large deeply staining bud 
are shown. The trophozoite still contains a few particles of chromidia. No. 19, 
dislocation of nucleus; streams of chromidial (not chromatin) particles of 
small size concentrated along the periphery are seen. The nucleus does not stain 
sharply, and it has parted with some of its chromatin (not chromidia) which 
stains the cytoplasm nearby. No. 20, a trophozoite with four small buds, 
chromidia and a degenerating nucleus showing karyolysis. No. 21, a trophozoite, 
with dislocated nucleus and many buds. It has extruded all its chromidia. 
No, 22, an extruded nucleus not staining sharply, the peripheral chromatin 
granules being indistinct and the karyosome invisible. No. 23, a trophozoite 
containing chromidia and several buds. The dislocated nucleus is attached to 
the parent body by a slender pedicle, and does not stain sharply. 
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PLATE Ill 


No. 24, a microphotograph showing three trophozoites stuck together. The 
nucleus is indicated (n) as well as buds (b). The nucleus is dislocated. 
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3. The development of a fine fibrous structure of peripheral ecto- 
plasm. I have seen something that would probably correspond with this, 
though the observation was made on trophozoites from Remove 3, in 
which there was no budding, and the phenomenon was only observed in 
films fixed by Merkel’s fluid. Zenker’s, Flemming’s and Schaudinn’s 
preparations did not show it. 

4. Buds are separated in the form of small globules 3 to 7 + microns 
in diameter. 

5. The development of double-outline membranes on extruded 
globules was not observed. Considering the pathological nature of the 
other related changes in the trophozoites, it would be interesting to know 
just what Schaudinn was observing, for in dry-fixed films stained by 
Romanowsky the free buds and extruded nuclei stain exactly like the 
nucleus and cytoplasm of the trophozoites. 
6. Breaking up of the parent entameba was observed. 


Stained Series: 

1. My observations on the trophozoites of FE. tetragena confirm me 
in the opinion that chromidia is not given off by the nucleus, but is 
formed in the cytoplasm. Chromatin, however, in these pathological A 
forms does diffuse out in fluid form from the nucleus into the cytoplasm. | 
The nucleus does degenerate and is extruded. 

2. In some trophozoites chromidia was present in rather small parti- 
cles and collected in reticular masses in the ectoplasm, as Schaudinn 


described. 
3. Ectoplasma buds filled with a chromidial mass were seen appar- Mt 
ently pinched off of the parent body. 1 
4. The free globules, while detected with more difficulty in wet-fixed | 4 


preparations, were seen very well in dry-fixed Romanowsky preparations. 
Nothing like a sheath was seen, for the buds stained either navy blue or 
light blue like the cytoplasm of the parent entameba. When an extruded 
nucleus was encountered it always stained like one. 


CONCLUSION 


I have seen in fresh preparations of EF. tetragena from a fatal case 
of dysentery bizarre pseudopodia and buds with refractile bodies in the 
extremities, though I did not observe extrusion of buds or nuclei. If one 
had merely observed in fresh preparations alone from a case of dysentery 
in man, the changes corresponding to those seen in stained preparations, 
the impression received would no doubt have been very much like that 
described by Schaudinn and Craig as the spore cyst formation of E£. 
histolytica; but from an examination of the far more richly infected 
material from the kitten “which occurs after a lengthy period of lively 
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increase,” the true nature of the budding forms is understood and the 
opinion is formed that these changes are analogous to such essentially 
pathological manifestations of cellular degeneration as karyolysis, karyor- 
rhexis, pyknosis and dislocation and extrusion of nuclei; moreover, the 
budding process is analogous to changes seen in mononuclear metazoal 
cells; for example, in defunct plasma cells or lymphocytes in the blood- 
stream, lymph-nodes and other locations. 

The descriptions of the life cycle of Z. histolytica by Schaudinn and 
Craig, therefore, are in all likelihood those of a spurious species, having 
resulted from observations of pathological changes in senile races of E£. 
tetragena. 

Board of Health Laboratories. 
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ACTIVE HYPEREMIA FOLLOWING LOCAL EXPOSURE i 
TO COLD * 


HEWLETT, M.D. 
ANN ARBOR 


A. W. 


It is well known that thermic stimuli exert a powerful influence on 
the local blood-vessels. In our experience, the application of cold water 
has invariably slowed the current of blood through the arm and this has 
been commonly followed by some constriction of the vessels even after the 
temperature of the water has been raised,’ or after the arm has been 
withdrawn from the cold water. In the patient, whose history follows, a 
marked vascular dilatation followed the exposure of the arm to moder- 
ately cold water. This phenomenon, which was evidently associated with 
the symptoms present in this patient, is unusual if not pathological. It 
is related on the one hand to milder degrees of frost-bite and chilblain, 
and on the other to a disturbed vasomotor contro] at the surface of the ; 
body. 

History.—Mr. E. C., 19 years old, entered the University Hospital Nov. 20, fh] 
1912, complaining of itching, burning and swelling over various parts of the body 
after these had been exposed to cold. The family and past history were unim- 
portant. The present trouble was first noticed with the onset of cold weather 
two years ago. Shortly after the patient is exposed to cold, the exposed por- | 
tions of the body become white and numb. As the result of prolonged exposure, ih 


but more especially after coming into a warm room following exposure, the parts hal. 
exposed become red and swollen and the patient suffers from burning and itching 


sensations in the exposed areas. At times the swelling of the hand is so con- 
siderable as to interfere with the movement of the fingers. His eyes have been 


partially closed after facing a cold wind. The buttocks have shown similar { 
phenomena after sitting on a cold seat, and the forearm after a cold iron has ay 
lain across it. Even the tongue and throat are said to have become swollen 4 
after eating ice cream. These phenomena have troubled him only during the ! 


winter. One year ago they were so severe that he was compelled to leave school. 
Aside from these symptoms he is in good health and has gained twenty pounds in 
weight during the past two years. 


Physical Examination.—Physical examination showed a young man of normal 
appearance. <A few rfles, probably due to bronchitis, were heard over the lungs. ; 
The heart showed systolic murmurs at the apex and base, which were probably of ; 
an accidental character. The hands were slightly cyanotic and perspired easily. f 
Well marked dermatographia with tendency to wheal formation could be elicited 
by mechanical stimulation of the skin. The laboratory findings were practically 
negative. The blood coagulated in two and three-fourths to four minutes. 


* Manuscript presented for publication Feb. 7, 1913. 

* From the Department of Internal Medicine, University of Michigan. 

1. Hewlett, A. W., Van Zwaluwenburg, J. G., and Marshall, M.: The Effect 
of Some Hydrotherapeutic Procedures on the Blood-Flow in the Arm. THE 
ARCHIVES INT. MED., 1911, viii, 591. 


| ‘ 
at 
| 


508 THE ARCHIVES OF INtERNAL MEDICINE 


The blood-flow through the arms was studied while the symptoms 
complained of by the patient were reproduced by exposures to cold water. 
Although but three experiments of this type could be performed and 
these left certain points undecided, nevertheless, the results indicated 
that in this patient an unusual vascular reaction followed exposure to 
cold water. 


Experiment 1.—In the first experiment the patient, stripped to the waist, 
was placed in a warm room and the room was later cooled, by opening the 
windows. The right arm was exposed to air only. After a few preliminary 
determinations, the left was surrounded by cold water which was maintained at 
a temperature averaging 1914 C. for nearly an hour. At the end of this time, 
the arm was taken out of the cold water, the plethysmograph was emptied and 
the dried arm thrust back into the apparatus for further determinations of 
the blood-flow. The results of this experiment are shown in Table 1. 


TABLE 1.—Expertment 1, SHowrne Errect oN Bioop-FLow or IMMERSION OF 
ARM IN Cotp WATER 


Room Temp.of Flowin Flow in 


Time Temp., water about leftarm, right arm, Remarks 
C. left arm,C. CL. 
9:55 27% 12.0 10.0 Patient quite warm. 
10:05 27% eee 10.4 10.6 
10:15 Cold water placed 


about left arm. 


10:30 27 231% 4.0 6.3 

10:40 27 19 5.3 4.3 

10:45 27 18% 4.2 3.9 

10:55 27 191% 3.2 3.6 

11:10 24 1914 4.2 3.6 

11:30 22 20 3.0 oe Patient feels cold. 
11:35 Left hand dried. At 


first arm was slightly 
cyanotic. Later bright 
red and warm. Some 
burning and itching. 


12:00 23 72 1.8 Left hand slightly 
swollen. Burning and 
itching passing off. 


It will be seen that at the beginning of the experiment the blood-flow 
was unusually rapid in both arms, owing doubtless to the effect of being 
for some time in the warm room. When the left arm was covered with 
cold water, the blood-flow in both arms dropped rather suddenly and the 
rate of flow continued to lessen during the period of exposure, owing in 
part to the cooling of the room, in part perhaps to the cold water. When 
the left arm was taken out of the cold water the skin became bright red, 
and after drying it felt quite warm. The hand became slightly swollen. 
After drying, the blood-flow in the arm exposed to the cold water showed 
decided acceleration, while the flow in the opposite arm continued to 
lessen. 
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Ewperiment 2.—The second experiment was performed in a warm room, the 
patient being very warm throughout. The right arm was thrust into ice water, 
until pain was caused. It was then taken out and thrust in again. This inter- 
mittent exposure was continued for half an hour. Following this the rate was 
determined in both arms. The left showed a rate of 15 c.c. per 100 c.c. of arm 
substance per minute, and the right, a rate of 12.5 ec. to cold. The failure 
to reproduce the vascular phenomena in this experiment may have been due 
either to the warm room which caused the blood-flow in the arms to be very 
rapid and so prevented cooling the tissues, or it may have been due to the 
intermittent character of the exposure. 

Experiment 3.—In the third experiment, the room was maintained at a 
constant temperature of 21 C., which produced a feeling of slight chilliness in 
the partially clad patient. The right arm was soaked continuously in water 
at 16 C. for a period of twenty minutes. During this time, the arm became red- 
dened and slightly cyanotic and after withdrawal from the water it felt warm 
and itched considerably. Some time later it became distinctly swollen. After 
the exposure, the exposed arm showed a blood-flow ot 9.4 ¢.c. per 100 ¢.c. of arm 
substance, while the other showed a blood-flow of 1.7 c.c. Somewhat later, the 
former showed 8.5 c.c. and the latter 1.8 c.c. 


TABLE 2.—ExXperRIMeEnt 3, RESULTS OF IMMERSION OF ARM IN WATER aT 16 C. 
Room Temp. of Flow in Flow in 


Time Temp., water about leftarm, right arm, Remarks 
Cc, rightarm,C. c.c. 
3:10 21 16 ee — Right arm in_ water, 


patient slightly chilly. 


3:30 Right arm out of water. 
3:40 20 - 1.7 9.4 Right arm reddened. 
3:50 20 6.0 

4:00 19 es 1.8 8.5 Right hand is swollen. 


To recapitulate: A young patient who showed sweating hands and 
dermatographia entered the hospital on account of itching and burning 
sensations, which followed exposures to moderate cold. These symptoms, 
which could be reproduced by exposure to cold water, were associated 
with a definite increase in blood-flow of the arm so exposed relative to the 
blood-flow in the other arm. The condition corresponded to the milder 
degrees of frost-bite, which are often followed by erythema and slight 
edema, and are described as a form of chilblain. The circumscribed, 
reddish and edematous areas often met with in the latter condition were, 
however, absent in our patient. Furthermore, the condition was peculiar 
in that it was induced by relatively slight cold, and in its localizations on 
such unusual sites as the forearm, buttocks and mouth. As an unusual 
vasomotor reflex, the condition might be grouped in the broad catagory 
of the vasomotor ataxias described by Solis-Cohen. 

That the reaction was indeed unusual might be inferred from our 
earlier experiments,' in which, after cooling the arm, the temperature of 
the surrounding water was again raised, and slower rather than faster 
rates of flow were obtained for given temperatures of the surrounding 
water. It seemed advisable, however, to duplicate the above experiments 
on other individuals. As the following tables show, no secondary dilata- 
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tion of the blood-vessels occurred in these individuals after exposures to 
fairly cold water for half an hour or so. Instead the arms exposed 
remained unusually cold and pale for some time and the blood-flow 
remained exceedingly slow. 


TABLE 3.—Expertmment 4, Errect on Broop-FLow NorMAt INDIVIDUAL OF 
IMMERSION oF ARM IN CoLD WATER 


Room Temp.of Flowin Flowin 
Temp., water about leftarm, right arm, Remarks 
Cc. left arm,C. 
21.5 


21.5 
Water placed about left 


arm. 


Left arm fairly cold. 


Water out. Dried. Arm 
cold. 
21.5 


Www 


ono 


21.5 a 2 4 Left arm still cold. 


TABLE 4.—ExpertMent 5, Errect or on Bioop-Frow NorMAL 
INDIVIDUAL 


Room Temp.of Flowin Flowin 
Temp., water about leftarm, right arm, Remarks 
C. 


left arm,C. c.c. 
2.9 3.0 
Water placed about left 
arm. 


Water out. 


TABLE —EXPERIMENT 6, Errect or Cotp on Brioop-FLow 1n NorRMAL 
INDIVIDUAL 


Room Temp.of fFlowin Flowin 
Temp., water about leftarm, right arm, Remarks 
Cc. left arm,C. 
4.0 


Water placed about left 
arm. 


BS F 


Water out. Arm cold 
and pale. 


We 


to 


From Experiment 1, it was evident that the abnormal hyperemia 
following cold did not depend primarily on a previously slow rate of 
blood-flow, for the flow was equally reduced in the other arm, and yet 


| 
Time 
3:05 
3:12 
; 21.0 24 3.6 3.8 : 
21.0 3.5 4.3 
21.5 17 2.0 3.7 | 
21.5 18 2.3 3.1 
Time 
10:40 Cool : 
10:45 cove 
10:55 Seen 21 1.85 3.1 
11:05 aie at 17 3.9 3.0 
11:20 16 2.7 2.7 
11:35 ass 16 2.2 2.4 
11:50 15 1.9 
12:00 1.4 2.2 
i 
24 19.5 2.0 3.2 
24 19.5 ns 3.1 
24 18.0 1.7 5.0 . 
24 17.0 2.0 5.0 
24 ror 2.0 4.5 
| 24 ne 2.0 6.0 
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there was no reactive hyperemia. It probably depended on a local cooling 
of the vascular mechanism, being in this way directly related to the con- 
dition which prevails in frost-bite. The development of edema also 
indicated a direct action of the cold on the blood-vessels. 

Nor were the symptoms during the reactive hyperemia readily explain- 
able on the simple assumption of an increased blood-flow to the arm, for 
equally fast or faster rates were encountered in Experiments 1 and 2 
without the characteristic symptoms of burning, itching and swelling. It 
may be, however, that the skin circulation, as distinguished from that of 
the deeper arm structures, was markedly increased during the reactive 
stage, a supposition supported by the intense redness of the skin. This 
is what one would expect if, as we believe, the condition depended 
primarily on a reduction in the temperature of the superficial tissues. 


CONCLUSIONS 


1. In most individuals a diminished blood-flow accompanies and 
follows the prolonged action of moderately cold water on the arm. 

2. An active hyperemia following exposures to moderate cold is 
described in a patient showing other signs of cutaneous vasomotor 
instability. The condition present probably corresponded to the milder 
stages of ordinary frost-bite, or chilblain, but in our patient it occurred 
more readily than normal and also in unusual locations. It represented 
an unusual vasomotor response to moderate cold. 

3. The reaction was probably due to the direct effect of the cold on 
the cutaneous or subcutaneous vascular mechanism. 
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A MODIFIED WASSERMANN * 


LOYD OSCAR THOMPSON, M.D. 
LITTLE ROCK 


There are several undesirable features in the original Wassermann 
technic of the complement fixation test for syphilis, as well as in the 
Noguchi modification, some of which may be sources of error. 

In the original Wassermann technic the presence of variable amount 
of natural antisheep amboceptor, which is found in all human sera, may 
lead to error, unless removed by the tedious method of bringing in con- 
tact with sheep cells. Another objection to the original Wassermann is 
that unless a sheep is kept in the animal rooms of the laboratory it is 
sometimes difficult to secure corpuscles for the test, while the keeping of 
a sheep is more or less expensive, and in some laboratories well nigh 
impossible. 

In the Noguchi technic the use of a non-inactivated serum might, 
theoretically, be a source of error, although practically, owing to the 
small amount of serum used, probably is not. But the use of the small 
quantity of serum (.02 c.c.) undoubtedly sometimes leads to error, from 
the fact that such a small quantity might, in very light cases of luetic 
infection, not contain a sufficient number of antibodies to cause a binding 
of complement. Further, the use of non-specific antigen is open to objec- 
tion. While it is not now thought that the Wassermann is a true antigen- 
antibody reaction, it is conceded by the majority of workers that the 
specificity of the antigen undoubtedly plays an important réle in some 
cases. 

Another objection to the Noguchi technic is that in dealing with such 
small quantities of the reagents as are used accuracy is difficult. This is 
especially true in the dose of the patient’s serum, for which Noguchi 
recommends one drop from a capillary pipet. This is inaccurate and 
unscientific. Further, the total volume in each tube being only one cubic 
centimeter the reaction is not as clear cut as when a greater volume is 
used. 

Recently Jobling has advocated the use of a hen hemolytic system. 
I have not used this system, and can see no reason for so doing. It is 
open to practically the same objection as the sheep system, viz., the 
necessity of keeping chickens in the laboratory, and that all human sera 


* From the Laboratory of Clinical Diagnosis, Medical Department, University 
of Arkansas. 

* Manuscript submitted for publication in Tue Arcnives March 15, 1913. 

1. Personal communication. 
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contain a variable amount of normal antihen amboceptor. And further, 
as the red corpuscles of the hen are nucleated, a greater precipitate will 
be formed than with the non-nucleated corpuscles. 

For some time past in my serological work with syphilis, I have been 
using a modification of the Wassermann which partakes somewhat of the : 
original technic and also of the Noguchi method. i 


AMBOCEPTOR 


Antihuman amboceptor is used. Large healthy rabbits (Belgian 
hares are preferred) are injected either intraperitoneally or intravenously ti) ; 
with thoroughly washed human corpuscles. Different workers have advo- 
cated different methods of injecting. I have obtained the highest titer 
by injecting intravenously 2, 4, 4, 5 and 6 c.c. four days apart and bleed- 
ing nine days after the last injection. I do not kill the rabbit, but bleed 
from the heart with a large glass syringe. (A 25 c.c. Burroughs-Wellcome 
or Luer with a 20-gauge needle is very satisfactory.) Twenty to 30 c.c. 
of blood may be drawn with perfect safety, and the rabbit may be kept 
for future use. The amboceptor serum is preserved with a 0.5 per cent. 
phenol (best obtained by adding one part of a 5 per cent. phenol solution 
to nine parts of serum), in small glass-stoppered bottles and stored in the 
ice-box. It may be kept this way for months without losing its strength. 
Amboceptor may be kept as advocated by Noguchi? dried on filter 

paper. I have not found this to be of any advantage. In fact, it has the . i 
decided disadvantage of requiring much more work, of the serum not H 
always being evenly distributed on the paper, thus causing error, and of 
not giving quite as clear cut a reaction on account of the paper being in 

the tube. H. A. Thompson* has overcome these last two objections by 1} 
soaking the paper in salt solution in the incubator for a few hours before 


performing a test, discarding the paper and using the solution. 


COMPLEMENT 


Ten per cent. solution of fresh guinea-pig serum is used for comple- 
ment. 1 wish to emphasize the fact that it is absolutely unnecessary to 
sacrifice a pig every time a few tests are made. From 5 to 10 c.c. of | 
blood may be withdrawn from the heart with perfect safety. The blood 

is drawn just prior to performing the test, placed in a centrifuge tube | 
and the serum separated immediately by centrifugalization. It has been 
stated* that serum so secured does not show as high complement value as ) 
if allowed to stand in the ice-box over night. I have not found this to 


2. Noguchi, H.: The Serum Diagnosis of Syphilis. Phila., 1911. 
3. Personal communication. 
. Miller, Florence W.: Noguchi Technic. 


Interstate Med. Jour., February, 
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be the case. In fact, I have sometimes secured a complement with a 
higher titer by immediate centrifugalization than I have by allowing 
the blood to stand. 

ANTIGEN 


Alcoholic extract of liver from a syphilitic fetus is used. 


PATIENTS SERUM 


I cannot agree with those who advocate the securing of the patient’s 
serum by pricking the ear or finger and “milking” the blood into a tube, 
except in the case of young children and very fleshy adults. It is much 
easier, quicker and less painful to draw a sufficient quantity (3 to 5 c.c.) 
from one of the veins of the elbow with a syringe. In my private practice, 
when a patient comes to the laboratory the blood is immediately cen- 
trifugalized, the serum pipetted off and stored in the ice-box till used. 
Otherwise, the blood is allowed to clot and the serum collected in the 
usual way. One-tenth of a cubic centimeter of serum is used, which is 
inactivated for thirty minutes at 55 to 56 centigrade. 


CORPUSCLE SUSPENSION 


Five-tenths of a cubic centimeter of a 5 per cent. solution of human 
corpuscles in 0.9 per cent. sodium chlorid solution is used. The cor- 
puscles may be secured from the patient, from the worker himself, or 
from any other individual. It is my custom to place about 10 c.c. of 
sodium citrate solution (2 per cent. sodium citrate in 0.9 per cent. 
sodium chlorid solution) in a centrifuge tube, and when a test is to be 
performed to add about 1 c.c. of the blood from the patient. The 
remainder, 3 or 4 c.c., being used for the test as described above. The 
sodium citrate prevents clotting, and on centrifugalization the corpuscles, 
are thrown to the bottom of the tube. They are washed twice more in 
normal salt solution and a 5 per cent. solution made. 


TITRATION OF REAGENTS 


Before the actual performing of the test the various reagents must be 
titrated ; that is, the strength of the amboceptor, antigen and complement 
must be so determined. The dosage of the patient’s serum (0.1 ¢.c.), is 
chosen as being the smallest amount sure to contain sufficient antibodies 
to bind complement if any are present. 

The dosage of corpuscle suspension (0.5 c.c.) makes a 1 per cent. 
solution when the total volume in the tube is brought up to 2.5 c.c., 
and this has been found to give the clearest reaction. 

In titrating the amboceptor and complement two sets of tubes are 
used. To each tube of one set is added 0.1 ¢.c. of inactivated patient’s 
serum, and to each tube of the other set one unit of antigen is added, as 
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frequently the titer is higher without them. It is not necessary to titrate 
the antigen and amboceptor each time, as they are fairly stable, but 
complement should invariably be titrated before each test. 


PERFORMING OF THE TEST 


The actual performing of the test is carried out as follows: 
A test-tube rack made of galvanized iron with three rows of holes is 
used. Three tubes are used for each serum to be tested, three for the 
negative control serum, and three for the positive control serum. In 
addition to these, eight tubes to control the reagents are used. 

The three tubes for the serums to be tested and the control sera are 
placed opposite one another in the three rows of holes in the rack. One- 
tenth of a cubic centimeter of serum is put into each tube and the rack 
placed in the water bath at 55 to 56 centigrade for one-half hour. Only 
the amount of serum required for the test is inactivated at one time. This 
is done so that when a strongly positive serum is found the remaining 
amount may be preserved. It has been found that non-inactivated 
serums retain their antibodies much longer than do inactivated sera. 


TABLE 1.—Tvses For Test 
Tube Serum Comple- Anti- Ambo- Corpus- NaCl q.s. Result 


ment, gen ceptor, cles 
Rear 0.1 2 0 2 0.5 2.5 Hem. 
Center 0.1 0 0 2 0.5 2.5 No Hem. 


0.5 2.5 Hem. or no Hem. 


After inactivation the tubes are cooled, two units of complement 
placed in each tube of the front and rear rows, and one unit of antigen 
placed in each tube of the front row. With normal salt solution the 
volume in the tubes is then brought up to 2.5 c.c., less 0.5 c.c. for the 
corpuscle suspension and the amount of two amboceptor units. The 
rack is then placed in the water bath at 37.5 centigrade for one-half hour. 
Following this first incubation, two units of amboceptor and 0.5 c.c. of 
corpuscle suspension are added to all the tubes. Incubation is then con- 
tinued for one hour, during which time the tubes should be shaken every 
fifteen or twenty minutes to facilitate hemolysis. It will be seen that in 
the rear tubes which contain no antigen there should be complete hem- 
olysis, and in the center tubes, which contain no complement, there 
should be no hemolysis. And in the front tubes there should or should 
not be hemolysis, depending on whether the serum was positive or nega- 
tive. After removing from the water bath the rack is placed in the 
ice-box four or five hours when the results are read. 

The eight control tubes are prepared as follows: No. 1 contains com- 
plement, amboceptor and corpuscles; No. 2 complement, antigen, ambo- 
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ceptor and corpuscles; No. 3, complement, antigen and corpuscles; No. 
4, complement and corpuscles; No. 5, antigen, amboceptor and cor- 
puscles; No. 6, antigen and corpuscles; No. 7, amboceptor and cor- 
puscles, and No. 8, corpuscles alone. The control tubes are prepared in 
the same manner as the tubes for the tests ; that is, the reagents are added 
in the same order; complement and antigen before the first incubation, 
and amboceptor and corpuscles after. To each is added before the first 
incubation sufficient normal salt solution to make the total volume 2.5 
e.c. It will be seen from the accompanying table (Table 2), that in 
Tubes 1 and 2 there should be complete hemolysis, and in the remaining 
tubes there should be complete absence of hemolysis. 


TABLE 2.—Contro.t Tuses 


Comple- Antigen Ambocep- Corpus- NaC] q.s. 
ment, Units .... tor, Units cles, c.c. 
2 0 2.5 
2 1 unit 2.5 
1 unit 2.5 
0 2.5 
1 unit 2.5 
1 unit 2.5 
0 2.5 
0 2.5 


ADVANTAGES 


The advantages of my system are: 

1. It does away with the chance for error which is found in the 
original Wassermann of the serum to be tested containing natural anti- 
sheep amboceptor. 

2. The ease with which the corpuscles may be secured for the test. 

3. It uses a sufficient quantity of serum to assure plenty of antibodies 
if any are present. 

4. The total volume in the tubes is great enough to give a clear-cut 
reaction. 

5. The elaborate system of controls makes an error impossible. 


DISADVANTAGES 


The disadvantages of my system are: 
1. The tubes must be shaken during incubation. 
2. A greater number of tubes are required. 


Urquhart Building. 


Tube Serum Result 
Hem. 
Hem. . 
No Hem. 
No Hem. 
No Hem. 
No Hem. 
No Hem. 
No Hem. 
> 


STUDY OF THE THERAPEUTIC VALUE OF A DIURETIC 
(THEOBROMIN SODIUM SALICYLATE OR DIU- 
RETIN) IN ACUTE EXPERIMENTAL 
NEPHRITIS (STUDY XVI)* 


M.D., anp JAMES P. O'HARE, M.D. 
BOSTON 


HENRY A. CHRISTIAN, 


This study was undertaken with the idea of ascertaining whether or 
not there was any experimental evidence in support of the claim made 
frequently by clinicians that diuretics are contra-indicated in many cases 
of acute nephritis because they act to increase the work of the kidney 
and are irritants which may augment the pathological process already 
existent in the kidney. Clinicians holding this view regard diuretic 
drugs as harmful in cases of acute nephritis. If diuretics are harmful in 
acute nephritis animals with experimental renal lesions similar to those 
in acute nephritis in man should be unfavorably influenced by diuretic 
drugs. This series of experiments was planned to determine whether or 
not this was the case with one diuretic (theobromin sodium salicylate or 
diuretin ). 

Experiments were conducted chiefly along a comparative therapeutic 
line. An acute nephritis was produced in rabbits, and then a diuretic 
drug? (diuretin) was given to a part of the animals. The effect was 
judged mainly by the effect of the diuretic drug on the time elapsing 
between the dose of the substance used as a renal irritant and the death 
of the animal. In all of the experiments uranium nitrate was utilized as 
a renal irritant, since it produces an experimental nephritis in many 
respects similar to that occurring in human beings. Rabbits were the 
animals selected because a considerable number of experiments previously 
made for other purposes with these animals had given us a knowledge of 
the effects that might be expected from the use of such renal irritants. 


“There have been published previously a series of studies on experimental 
eardiorenal disease by Drs. H. A. Christian, R. M. Smith and I. C. Walker: 
Studies I and II, Boston Med. and Surg. Jour., 1908, clviii, 696, and 1908, clix, 8; 
Study III, Jour. Am. Med. Assn., 1909, liii, 1792; and Studies IV, V, VI, VII, 
VIII, IX, X, XI, XII, XITI, XIV and XV, Tue Arcuives Int. MEp., 1911, viii, 
468-551. 

“From the Laboratory of the Department of Theory and Practice of Physic, 
Harverd University. 

* This work was done under a grant from the Proctor Fund for the Study of 
Chronic Diseases. 

* Manuscript submitted for publication in THe Arcuives March 31, 1913. 

1. The drug used was purchased under the trade name of diuretin from two 
retail drug stores. No difference in effect was observed between the two. 
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In Series 1 to 6 uranium nitrate was administered subcutaneously, and 
diuretin was used in watery solution administered with a stomach tube. 
In Series 7 to 11 uranium nitrate was given intravenously and intraven- 
ous administration of diuretin was employed. In all eighty-two rabbits 
divided into several series were used. Each series was divided into 
subject animals and controls. In some series the subject animals and 
controls were arranged in parallel groups of approximately equal body 
weights and were given equal doses of the drug. In most of the series 
the drugs used were given in doses varying in size according to the body 
weight of the animal. 

In the first series, twelve rabbits varying from 1,370 to 2,100 grams 
divided into pairs of approximately equal weights were used. All were 
given subcutaneously at twenty-four-hour intervals three doses of 5 mg. 
of uranium nitrate. After the first twenty-four hours one of each pair 
of the animals was given 0.4 gm. of diuretin by stomach tube, and this 
was repeated daily in most cases until the animal died. The animals 
which received uranium nitrate alone were regarded as controls for the 
subject animals that received uranium nitrate and diuretin. In this 
series the nephritis produced was a severe one and the dose of diuretin 
was large. As a result many of the animals died quickly, as shown by 
Table 1. The corresponding animal was killed at the time of death of 
the other animal in order to compare the anatomical changes in the two 
groups of animals. In this series no very striking difference exists as 
regards length of life between the animals with and without diuretin. 
Nine out of the twelve animals died four days or less after the first dose 
of uranium nitrate, and in two days or less after the last dose. It is true 
that the three animals killed to tally with their partners had received 
diuretin and this might suggest a favorable action for diuretin, but in the 
light of subsequent experiments this seems rather a matter of accident. 
the dosage of uranium nitrate being too great to allow of any sharp 
demarkation between treated and untreated animals. 

In the second series (Table 2) nine rabbits were given a daily diet of 
150 gm. of carrots per kilo of body weight. Uranium nitrate was given 
subcutaneously to all of the rabbits in a dosage of 314 mgm. per kilo of 
body weight for two doses, twenty-four hours apart. To half of the 
rabbits was given daily 0.235 gm. of diuretin per kilo of body weight by 
means of a stomach-tube. In this series the animals receiving no diuretic 
outlived those receiving a diuretic (diuretin), as shown by Table 2. 

In the third series (Table 3) six rabbits were fed as in the second 
series and each received subcutaneously 314 mgm. of uranium nitrate. 
For these animals the daily dose of diuretin was reduced to 28.6 mgm. 
per kilo, respectively. Al] animals not receiving a diuretic outlived those 
receiving a diuretic. The average length of life of the rabbits receiving 
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uranium nitrate alone was 8.5 days, and of those receiving uranium and 
diuretin 5.3 days. 

In the fourth series (Table 4) the rabbits were treated in the same 
way as in the third series. Of these, one rabbit receiving diuretin may be 
said to have survived, as it died on the twenty-second day from a com- 
plicating empyema. Omitting this animal, the other two with diuretin 
lived an average of eight and a half days, and two controls an average of 
nine days. Omitting this one surviving rabbit, this series shows a short- 
ened duration of life for rabbits receiving the diuretic drug. 

In the fifth series (Table 5) the rabbits were treated in the same way 
as in the fourth series. Three rabbits survived, two with diuretin treat- 
ment, and one with no treatment. Of the non-survivors, one with diu- 
retin lived six days, and two controls lived an average of six and a 
half days. 

In the sixth series, three doses of uranium nitrate (314 mgm. per kilo 
of body weight) were given subcutaneously on successive days. Twenty- 
four hours after the last dose diuretin was given in doses half the size of 
those used in the preceding series, namely, 14.3 mgm. per kilo, and this 
was repeated daily. In this series all but one of the rabbits receiving 
diuretin survived, while the controls lived an average of ten days. 

In the seventh series (Table 7) two doses of 3144 mgm. of uranium 
nitrate per kilo of body weight were given intravenously at twenty-four- 
hour intervals, and to half of these rabbits was given intravenously on 
the day of the last dose of uranium 7 mgm. of diuretin in 2 c.c. of water 
per kilo of body weight, and on the next day 14 mgm. of diuretin in 4 c.c. 
of water per kilo of body weight. All of the rabbits died on the same 
day, two days after the last dose of uranium nitrate. These results indi- 
cated too large a dosage of uranium and so this was reduced in sub- 
sequent experiments to two doses intravenously instead of three. In this 
and subsequent series the rabbits were fed carrots and hay freely and had 
constant access to water. 

In the eighth series (Table 8) two doses of 34% mgm. of uranium 
nitrate per kilo of body weight were given intravenously at twenty-four- 
hour intervals, and on the following morning 14 mgm. of diuretin in 4 
e.c. of water per kilo of body weight were given intravenously, and this 
dosage was repeated morning and afternoon. Series 9 (Table 9), 10 
(Table 10) and 11 (Table 11) were treated in the same way. In these 
four series four animals survived; four with diuretin and none without 
diuretin. Of those dying during the experiments, sixteen received diu- 
retin, and their average duration of life was 4.56 days; seventeen did not 
receive diuretin, and their average duration of life was 6.23 days. 

In all of the rabbits which died, microscopic study showed in the 
kidney typical acute nephritis of the uranium nitrate type, with extensive 
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necrosis of the tubular epithelium. Control experiments were made to 
show that diuretin in various doses by stomach-tube and intravenously, 
such as were used in these experiments, was not toxic for normal rabbits, 
and that water in intravenous doses of 4 c.c. per kilo of body-weight twice 
daily did not produce any appreciable disturbance in the rabbits, when 
each was given over periods longer than those used in the experiments 


described above. 
SUMMARY 


Diuretin was given to rabbits in which an acute nephritis had been 
produced with uranium nitrate. In forty-one rabbits the uranium nitrate 
was given subcutaneously and the diuretin by stomach-tube; in forty-one 
rabbits each drug was given intravenously. The amount of diuretin 
varied from large doses to 14 mgm. per kilo of body-weight. The latter is 
equivalent to 1 gm. dose for an average sized man. A few rabbits in the 
first series were killed as controls of rabbits dying; in all other series the 
rabbits were allowed to live as long as possible. Of the entire series, 
twelve survived, nine of which had had diuretin, three had not. In this 
number of survivors may be rabbits which, on account of high resistance, 
did not have a severe acute nephritis. Such resistant animals have been 
encountered in other sets of experiments. Of those dying under experi- 
ment, the average duration of life for those receiving uranium nitrate 
subcutaneously and diuretin by stomach tube was six days, of the controls 
(uranium nitrate subcutaneously) 6.94 days; the average duration of 
life for those receiving uranium nitrate and diuretin intravenously was 
4.56 days; of the controls (uranium nitrate intravenously) 6.23 days. 

CONCLUSIONS 

Diuretin given to rabbits with a severe, fatal experimental nephritis, 
shortens the duration of life of these animals. On the other hand, nine 
out of twelve rabbits which survived the experiment had received diu- 
retin. This work supports the view that in a severe acute nephritis a 
diuretic drug, such as diuretin is contra-indicated inasmuch as in the 
experiments diuretin shortened the lives of the animals. On the other 
hand, of the survivors a large proportion (three-fourths) had received 
diuretin. This rather gives support to the view that in less severe cases 
diuretin may be beneficial and so justifies the cautious use of the drug 
in moderately severe cases of acute nephritis. In the survivors it is not 
certain that acute severe renal lesions were produced ; consequently deduc- 
tions from these relatively few survivors are of less value than from the 
larger number dying during the experiments. Of course, it is realized 
in making deductions such as the above that they may not be applicable 
directly to conditions in the human being, for due allowance must be 
made for the many differences between man and the lower animals. The 
experiments, however, certainly support the view that diuretin as a 
diuretic drug may be harmful in a case of acute nephritis. 
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HENRY A, 


Tastes SHowrne Errect or Divuretixn ON RABBITS WITH EXPERIMENTAL 
NEPHRITIS 


TABLE I 
Days of Life After ‘a 
No. of Weight Dose of Uranium Treatment 


Rabbit Gm. Nitrate 
354 4 (died) None. t 
353 er 4 (died) Diuretin 0.4 gm., 3 doses. i 
344 1,440 3 (died) None. if 
343 1,420 3 (killed) Diuretin 0.4 gm., 2 doses. ; 
351 1,640 4 (died) None. ; 
352 1,690 4 (killed) Diuretin 0.4 gm., 3 doses. 
350 1,730 4 (died) None. \t 
349 1,780 4 (killed) Diuretin 0.4 gm., 3 doses. 

345 1,800 4 (died) None. i, 

346 1,810 4 (died) Diuretin 0.4 gm., 3 doses. 

347 1,930 4 (died) None. , 

348 2,100 4 (died) Diuretin 0.4 gm., 3 doses. if 


II 


382 1,400 28+ (*) None. | 
385 1,420 5 (died) Diuretin 0.235 gm. per kilo, 3 doses. i 
3380 1,820 7 (died) None. | . 
383 1,800 6 (died) Diuretin 0.235 gm. per kilo, 4 doses. : 
381 2,000 (*) None. if 
* Used for another experiment. ; 


384 2,020 4 (died) Diuretin 0.235 gm. per kilo, 3 doses. | 


388 1,510 8 (died) None. 
391 1,510 5 (died) Diuretin 28.6 mgm. per kilo, 4 doses. 
393 1,750 8 (died) None. 
396 1,770 5 (died) Diuretin 28.6 mgm. per kilo, 3 doses. 
392 2,190 9 (died) None. ; 
389 2,090 6 (died) Diuretin 28.6 mgm. per kilo, 4 doses. : 

TABLE IV 
429 2,120 9 (died) Diuretin 28.6 mgm. per kilo, 7 doses. 
427 1,950 9 (died) None. ; 
425 2,410 22 (died) Diuretin 28.6 mgm. per kilo, 20 doses. 
424 2.260 9 (died) None. ; 
387 2.590 8 (died) Diuretin 28.6 mgm. per kilo, 6 doses. « 

443 1,350 Survived None. 
455 1,350 7 (died) Diuretin 28.6 mgm. per kilo, 5 doses. | 
452 1,470 10 (died) None. i] 
456 1,580 Survived Diuretin 28.6 mgm. per kilo, 60 doses. 17 
454 2,030 5 (died) None. | 
457 1,980 Survived Diuretin 28.6 mgm. per kilo, 60 doses. 
| 

479 1,550 13 (died) None. 
478 1,600 Survived Diuretin 14.3 mgm. per kilo, 19 doses. | 
486 1,620 8 (died) None. | 
477 1,770 ll (died) Diuretin 14.3 mgm. per kilo, 9 doses. 
475 1,740 9 (died) None. 
482 1,820 Survived Diuretin 14.3 mgm. per kilo, 19 doses. 


VII 


504 ere 4 (died) None. 

505 wendie 4 (died) None. 

506 ee 4 (died) Diuretin 7 mgm. per kilo, 1 dose. 
Diuretin 14 mgm. per kilo, 1 dose. 

507 beaks 4 (died) Diuretin 7 mgm. per kilo, 1 dose. 


Diuretin i4 mgm. per kilo, 1 dose. 


Mare 
TABLE 
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TABLES SHowrnc Errect or Divretin oN WITH EXPERIMENTAL 
NEPHRITIS 


TABLE VIII 


Days of Life After 
No. of Weight Dose of Uranium Treatment 
Rabbit Gm. Nitrate 
537 2,310 3 (died) Diuretin mgm. per kilo, 4 doses. 
538 1,950 8 (died) None. 
539 1,160 3 (died) Diuretin mgm. kilo, 3 doses. 
540 1,760 5 (died) None. 
541 1,600 3 (died) Diuretin mgm. kilo, 3 doses. 
542 1,750 8 (died) None. 
543 1,600 Survived Diuretin mgm. kilo, 8 doses. 


Ix 


560 1,050 (died ) None. 

557 1,120 (died ) Diuretin mgm. kilo, 4 doses. 
551 1,150 (died ) None. 

554 1,200 (died) None. 

558 1,200 (died) Diuretin mgm. kilo, 3 doses. 
553 1,900 (died ) None. 

550 1,950 Survived. Diuretin mgm. kilo, 16 doses. 
552 1,810 10 (died) None. ; 
561 1,400 3 (died) Diuretin mgm. kilo, 5 doses. 
559 1,500 6 (died) None. 

556 1,310 Survived Diuretin mgm. kilo, 16 doses. 
555 1,250 4 (died) Diuretin mgm. kilo, 4 doses. 


x 


564 1,860 5 (died) Diuretin mgm. kilo, 6 doses. 
565 1,910 6 (died) None. 
566 1.670 3 (died) Diuretin mgm. kilo, 2 doses. 
567 1,820 6 (died) None. 
568 1,150 4 (died) Diuretin mgm. kilo, 4 doses. 
569 1,820 5 (died) None. 
570 1,910 Survived Diuretin mgm. kilo, 8 doses. 
1,210 (died) None. 
1,350 5 (died) Diuretin mgm. kilo, 6 doses. 


xI 


1,350 (died) None. 
1,560 (died ) Diuretin 14 mgm. kilo, 10 doses. 
1,450 (died ) None. 
1,610 (died) Douretin 14 mgm. kilo, 9 doses. 
1,750 (died) None. 
1.810 (died ) Diuretin 14 mgm. kilo, doses. 
1,850 (died) Diuretin 14 mgm. kilo, 5 doses. 
1,950 (died ) None. 
2,060 7 (died) Diuretin 14 mgm. kilo, 9 doses. 


Peter Bent Brigham Hospital.—Carney Hospital. 
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A CASE OF INFANTILISM ASSOCIATED WITH PITUITARY 
NEOPLASM * 


E. J. MULLALLY, M.D. 
MONTREAL 


Illness depending on pituitary disturbances is becoming more fre- 
quently recognized. The case of infantilism here reported is presented 
as an example of an interesting condition worthy of addition to the 


records of pituitary disorders. 
CASE REPORT 


History.—l. H., male, aged 26 years, occupation errand boy, weight 70 pounds; 
height 3 feet & inches, entered the Royal Victoria Hospital on account of head- 
aches, vomiting and vertigo. He was a full term healthy child of 9 pounds at 
birth, and grew quite normally and naturally until the age of 10 years; he has 
not grown any since. As long as he can remember he has had attacks of 
vertigo, and at times double vision. About every month he was troubled with 
an attack of severe frontal headache, which sometimes darted through to the 
occiput; it was as a rule much worse during the day than at night. Vomiting 
was another distressing symptom which later began to trouble him. It usually 
accompanied the headache, was explosive in quality, occurred sometimes after 
meals, but often independent of them. These attacks of headache, vertigo and 
vomiting would last two or three days, and between them he was comparatively 
well, and able, when he grew a little older, to do work as an errand boy. Within 
ihe past year or so these attacks have become more frequent, and at times more 
prolonged. Stiffness of the muscles of his legs have been also observed by him 
duiing this time, and objects appeared to move up and down, and very often 
appeared double to him. His voice and mental development never got beyond 
that of a boy of 10 years, and his appearance shortly before his death was 
of a fleshy boy of that age; it could hardly be credited that he was 26 years old. 

Examination.—The general contour of his body was suggestively feminine; 
his head was large and his forehead slightly prominent. He was mentally bright 
for a boy; he was sexually as a boy of T0; he had no desire to associate with 
young men of his actual age; his amusements were boyish—tops, marbles and 
such toys. His skin was pale; on the face it had a distinct yellowish tinge, not 
by any means jaundiced; the subcutaneous fat was well marked. There were 
no lymph-node enlargements. His thyroid was not palpable. There was slight 
fulness of the mammary glands, no distinct enlargement, but on palpation in 
that situation the tissues were distinctly firmer to the touch than the surround- 
ing structures. There was no hair on his body. The hair of his head was dry, 
straight and coarse. His genital organs were those of a boy. His chest was 
slightly barrel-shaped, well formed, symmetrical. His pulse averaged 68 to the 
minute. of regular rhythm, but low tension. His blood-pressure was 90 to 
100 mm. of mercury. 

There were no pathological reflexes present, no strabismus, nor nystagmus, 
but double optic neuritis developed shortly before his death. He was under 
observation off and on for three months, but his headache, vertigo, ete., ceased 
afte- his first few days in the hospital. His last entrance to the hospital was 
five days before his death; his headaches were severe (uncontrollable by the usual 
remedies), and vomiting was frequent; muscular twitchings of the legs and arms 


* Manuscript submitted for publication in Tne Arcnives March 3, 1913. 
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were present and he was very dull mentally. His urine for the first time was 
found to contain abnormal constituents; specific gravity was 1.012, no albumin 
or sugur, but acetone in abundance, and a trace of diacetic acid. His tempera- 
ture had ranged from 97 in the morning to 99 in the evening throughout his 
stay in the ward, rose to 101 twenty hours before his death. 

Necropsy.—Examination of the body was made four hours after his death. 
An undersized male; apparent age 12 years. Diffuse, light-yellow pigment in 
skin of face. Seanty eyebrows. Teeth were excellent and well formed. Eyes 
were gray; pupils were equal and slightly dilated; eyelashes long and curved. 
Chest was prominent, and the skin was absolutely white. Breasts contained some 
fat. There was no hair on the body at all. Abdomen was prominent and fat. 
Genital organs were small. The testicles had descended. 

The scalp was thin, and stripped readily from the skull, which was thin 
and transparent. The dura was not adherent. The blood-vessels of the dura 
were congested. There was an excess of fluid between the dura and the brain. 
There was no thrombosis of the sinuses. The sella turcica was widened, and the 
pituitary was greatly enlarged; it was tensely distended, particularly the por- 
tion nearer the brain. The infundibulum and stalk were likewise distended. The 
portion of the pituitary which fitted into the sella turcica was 2.3 em. from 
before backwards, and vertically it measured 2.5 em. It was accidentally incised 
during removal, and about 10 ¢.c. of bright yellow fluid, which was found’ to 
contain numerous cholesterin crystals, escaped. The wall of the cyst was thin 
avd adherent to its inner surface. In the region of the posterior lobe were three 
or four small, soft, rounded, gelatinous-looking masses. At the bottom of the 
cyst in the locality of the anterior lobe was a mass of soft, light-yellow, very 
friable material, the remains of a degenerated anterior lobe. The wall of the 
eyst in this locality was thicker and contained calcified material. The stalk of 
the pituitary was widely distended, and was hollowed out continuous with the 
infundibulum, so that there was a free communication between the cystic pituitary 
and the third ventricle. On section of the brain it was found that the anterior 
portion of the left cerebral hemisphere was hollowed out in the white matter, 
ané contained a turbid yellowish cholesterin-containing fluid. The margins of 
the cavity were ill-defined. Projecting into it from behind was a jelly-like mass 
of reddish color continuous with the chorioid plexus, forming a soft watery 
mass as large as the pituitary itself. The posterior horn of the left lateral 
ventricle was not dilated, and its walls were normal. The posterior horn of the 
right lateral ventricle was dilated, though its walls were normal in appearance. 
The right chorioid plexus was small, apparently normal; in the neighborhood 
of the velum interpositum the white matter showed numerous punctate hemor- 
rhages; the same condition was seen in the velum itself and in the posterior 
portion of the corpus callosum. 

Sections of rounded masses found in the cystic pituitary show new growth 
consisting of slender branching lines of cells separated by a highly myxoid 
stroma, very rich in well-formed capillaries. The cells at the edge of the columns 
are columnar, those in the center polymorphous, they are more or less vacuolated. 
Some of the stroma cells are spindle-shaped, some are drawn out into multiple 
processes, A few lymphocytes and allied cells are seattered here and there around 
the capillaries. The tumor at the anterior part of the chorioid plexus shows the 
same characters, save that the processes of cells frequently include spaces filled 
with colloid material, in a few places resembling thyroid colloid. In a few 
instances there seems no doubt that this change is the result of liquefaction of 
the myxomatous tissue already mentioned. 

Diagnosis of tumor: cystic endothelioma. 

Section of the cyst wall shows a fibro-cystie change, with here and there 
small areas of necrosis, while others show evidences of having been infiltrated with 
blood. 

Sections taken from the floor of cystic pituitary in the region of the anterior 
lobe showed a large number of degenerated cells in which no nuclei are visible, 
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and whese cytoplasm usually stains very faintly with hardly an indication of 
the cell outline. A few cells are present which have a small dark-staining nucleus. 
A great deal of light yellow pigment is seen throughout the section. No blood- 
vessels are seen and no trabecular framework. The anterior lobe was therefore 
much degenerated. 

The chest is well formed; the Angulus ludovici of the sternum is prominent. 
The costal cartilages are not calcified. The bone-marrow of the sternum is pale 
and scanty. The subcutaneous fat was 2.2 em. in thickness and light yellow in 
color; the great omentum was full of fat. The diaphragm reached the leve! of 
the upper fourth rib on the right side, and the lower fourth rib on the left. 

The thyroid was not enlarged; it is homogeneous. The right lobe measured 
2.5 by 2.3 em. The left 2.3 by 2 em. and the weight of the organ was 5.5 grams. 

Sections show acini of varying size, rounded in shape and lined by a single 
laver of cells with deep-staining nuclei, and distended with colloid material. 
The lining cells in some of the acini have a flattened appearance. There is no 
fibrosis, but excessive colloid. 


Microphotograph of tumor in the chorioid plexus; showing the lines of 
epithelioid cells inclosing spaces, some filled with colloid matter, others with 
myxoid tissue. (Low power magnification.) 


A large thymus, particularly the left lobe, was present; it was equal in size 
to what would be found in a child. Sections showed abundance of lymphoid 
tissue and Hassall’s bodies were numerous. The proper cells were well defined 
and fat spaces were moderately abundant. 

The liver weighed 650 grams, and measured 19 by 12 by 5 em.; it was 
qvadrilateral in shape, rather flabby; the surface was smooth, mottled with 
anemic areas; differentiation was poor. The connective tissue was not increased; 
the cut surface was firm; the blood-vessels were empty. Microscopic examina- 
tion showed no noteworthy abnormality. 

The pancreas measured 15 by 3 by 1.5 cm. It was soft and pink in color 
and natural on microscopic examination. 

The spleen weighed 60 grams and measured 8 by 6 by 2.3 em. The organ was 
firm; the surface was smooth and was purple red in color. Malpighian bodies 
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were hardly visible. The trabeculae were not conspicuous and the pulp was firm 
histologically. 

Right kidney weighed 75 grams; it measured 8 by 5 by 1.9 em. Juvenile in 
size. The width of cortex was 7 em.; medulla 1 em. The capsule stripped 
easily; the surface was smooth and lobulated; the differentiation of cortex was 
good; the glomeruli were visible. The pelvis and the ureter were normal. Left 
kidney weighted 70 grams and had same characters as right. There was some 
cloudy swelling of the tubular epithelium. 

The adrenals averaged 5 by 1.2 by 0.3 em. The weight of both was 6 grams. 
They were atrophic in appearance; the cortex was pale in color; differentiation 
was good; the pigment was pale and sharply marked. The medulla was gray, 
and no necessary perivenous cortical tissue was present. Sections disclosed some 
vacuolation of the cells of the reticulate portion. 

The testes were very small and waxy looking. Sections showed a preponder- 
ance of interstitial tissue, some of which was fibrous and some hyaline; the 
tubules were small in size, had little or no lumen, and were lined by a single 
layer of nucleated cells with a relatively small amount of cytoplasm. Many of 
the tubules here were replaced by fibrohyaline tissue. Very few interstitial cells 
are seen (cells of Leydig). 

The other organs showed no abnormality. 


SUMMARY OF FINDINGS 
This case showed some remarkable features. Briefly, the clinical 
manifestations were: Marked underdevelopment of the skeleton and 
development of the mental system. Brain tumor 


” 


organs. “Infantile 


symptoms (headache, vomiting and optic neuritis). Feminine contour 
of body. Evenly distributed adiposity. Absence of body hair. Infantile 


genital organs. Low pulse-rate. Low blood-pressure. Subnormal tem- 
perature. Slight myxedema. Terminal changes in urine. 

At necropsy: Cystic degeneration of the pituitary, with complete 
disappearance of the posterior lobe, and only a few degenerated cells 
representing the anterior lobe; free communication through the pituitary 
stalk with the third ventricle. Neoplasm of the chorioid plexus extending 
into the pituitary. Internal hydrocephalus. Excessive colloid material 
in thyroid. 

Vacuolation of the fasciculate layer of the adrenals. 

Underdevelopment of the testes. 

Small sized organs of the body generally. 

Discoloration of the fatty tissue. 

COMMENT 

Infantilism has been written about chiefly by the French school of 
medical observers; they have a voluminous literature on the subject, and 
recognize distinct types. Conjectures have in many instances been made 
as to its causation, but few cases are recorded in which an autopsy exain- 
ination disclosed the nature of the disturbance. Byron Bramwell, in his 
clinical studies, reports an interesting living case of infantilism, which 
agrees in most particulars (especially the age) with ours; it was supposed 
that the pituitary was at fault. 
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We have, however, a number of symptoms in our case which have been 
usually associated with the type of pituitary disturbance known as hypo- 
pituitarism. These symptoms are adiposity, absence of body hair, 
tendency to female bodily characteristics. Absence of sexual sense; sub- 
normal temperature ; low pulse-rate and low blood-pressure, although this 
latter symptom is supposed to be due to some disturbance of the adrenal ; 
it may be that the adrenal is disturbed because the pituitary is dis- 
turbed. Also the slight myxedema changes may have resulted from a 
thyroid change, secondary to a primary pituitary disorder. 

The outstanding feature clinically in this case was the infantile 
characteristics in a male, aged 26 years, and pathologically the marked 
pituitary changes. I have been unable to find in the literature another 
case in which a cystic pituitary communicated with the third ventricle 
through a hollowed out infundibulum and stalk. Such a condition is 
normal in a few of the lower vertebrates, but in man as well as the other 
members of the higher vertebrates it is not. The occurrence of a rela- 
tively benign neoplasm in the chorioid plexus and of masses exhibiting 
te same characteristics on the walls of the cystic pituitary, as well as tix 
clinical history, point toward a congenital origin for this abnormality. 
There may also exist a connection between the function of the pituitary 
and the chorioid, as there may also be an embryological relationship 
between the chorioid and the posterior lobe of the pituitary body. 

Neoplasms in the pituitary have been often reported. The enlarge- 
ments of the anterior lobe seen so frequently in cases of acromegaly have 
been often due to a new growth as well as to hypertrophy of the entire 
lobe. The type of neoplasm found in this case is rare. We have been 
unable to find any mention in the literature of finding this type of neo- 
plasm in the chorioid and pituitary in the same case. Ziegler mentions 
a condition occurring in the pituitary to which he gives the name “cystic 
endothelioma,” the description of which agrees very closely with our case. 

Farnell describes an interesting change in a pituitary tumor removed 
at autopsy from a female, aged 43, whose symptoms commenced when 36 
vears old, with headache, vomiting and optic neuritis, as well as cessa- 


tion of menses. To quote some of his description of the findings: 


Semicystic mass 3 cm. in diameter continuous with the hypophysis and 
partially obliterating foramen of Munro. Both lateral ventricles dilated. Gritty 
granular material and numerous small cysts found in the tumor as well as 
colloid material. Microscopically it had an adenopapillomatous structure, and 
the older cells of the growth showed tendency to degeneration. Internal cells of 
papillae showed caleareous changes. 

He conjectured that: 

Its median position and nodal relation to the neuro-enteric canal, its contin- 
uity with the hypophysis, strongly suggest its histogenic relation not only to 
the buccal epithelium, but to the mandibular type composing the enamel-forming 
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organ of the tooth, hence its designation as a hypophyseal cholesteatoma, and 
also an adamantoma comparable to those tumors developing in the jaws from 
dental epithelium. 

It may be seen from this interesting case that the pituitary is not 
immune to pathological conditions of an obscure nature. The suggestion 
as to the origin of the tumor in Farnell’s case may be quite correct, and 
the name appropriate, yet it would be obviously impossible to collect 
within the confines of one small article all the obscure tumor formations 
of this organ. Suffice it, at any rate for the present, to say that our case 
presents another unusual type of tumor formation probably congenital 
in origin, and that for some unexplainable reason it produced in the 
pituitary change which brought about in some obscure manner, physical 
and mental departures from the normal. 

Many views have been presented about pituitary disturbances since 
Marie. in 1885, made his interesting observation connecting pathologic 
changes in the pituitary with acromegaly; it was not, however, until a 
few years ago, 1905, that Frélich recognized another type of pituitary 
disorder resulting in disturbances different from those occurring in 
acromegaly. Briefly stated, the principal changes in this condition were : 
in females, adiposity and ceasing of menstruation; in males, a tendency 
toward the acquirement of female bodily characteristics, with impotence. 

Recent histological studies confirm what was previously held, that 
there are at least two distinct types of cells in the anterior or glandular 
lobe of the pituitary body. It is conjectured, principally from their 
anatomical situation, that these two types have distinct and separate 
functions, and probably discharge the products of their metabolism into 
the different channels, the one into the cerebrospinal fluid, the other into 
the blood. The posterior lobe of the pituitary is composed of modified 
brain tissue, and in its action on blood-pressure it resembles the adrenal, 
although there are some important differences. 

Even from this brief recital of the more outstanding anatomical 
features of the pituitary, it may be seen how rich the possibilities are 
for conjecture regarding its functions. It is not to be wondered at that 
this well-protected and isolated organ has only in recent years excited the 
curiosity of the research worker. While something has been accom- 
plished, much remains to be done. It was only natural to expect that 
at the beginning of the work many unusual findings were recorded ; there 
is much obscurity yet surrounding our knowledge of the functions of the 
pituitary. It is, however, fairly well established that the conditions of 


gigantism and acromegaly are due to changes of the anterior lobe of the 
pituitary. If the disturbance occurs before growth is completed gigan- 
tism appears; if after, acromegaly results. 
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It is also thought that the condition described first by Frélich (gen- 
erally termed hypopituitarism) is caused by some unknown change, prin- 
cipally in the posterior lobe. The case already outlined would help to 
support such hypothesis. There was no posterior lobe discovered at 
autopsy, and the remains of the anterior lobe were in a state of degenera- 
tion. The central symptoms existing from his earliest remembrances, 
and subsiding after rest in bed for a few days, indicate a congenital 
origin for the brain findings. It is probable that the changes usually 


associated with thyroid and adrenal disturbances, and present to some 
extent in this case, may be attributed primarily to the pituitary. 

As to the mental underdevelopment, it is difficult even to offer con- 
jectures as to its causation. Only the fact was obvious that it was the 


mental development of a child and not that of a man of 26 years. 


Thanks are due Dr. O. C. Gruner, director of the pathological department of 
the Royal Victoria Hospital, for permission to publish this case, as well as to 
Drs. C. F. Martin and John MeCrae for a synopsis of the clinical notes. 

93 Union Avenue. 
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A CASE OF MYXEDEMA, WITH RECOVERY, AND SEVEN 
YEARS’ AFTER-CARE NOTES * 


EDWARD N. BRUSH, M.D., ann WILLIAM BURGESS CORNELL, M.D. 
BALTIMORE 


Although the present-day knowledge of myxedema is well dissem- 
inated and the diagnosis usually easy, the comparative rarity of the 
disease contributes to delays and mistakes in recognizing the condition. 
The present case is a striking example of this, as the following letter 


from the patient herself will show: 


“I must apologize for not writing for so long, but my time is taken up, 
it seems to me, and I hardly know how I spend my time. It has been a year 
now since I left the office and began doctoring and I do not see that I am _ one 
bit better. Have been to two specialists for my nose, throat and palate. They 
both said the palate and voeal cords were partially paralyzed. My tongue is 
also much swollen, which hinders my talking to some extent. They sent me to 
a specialist on the eyes, and he sent his report to Dr. —————. They had 
me examined by some kind of a specialist who examined, I believe, every nerve 
and organ in the body. He reported to Dr. while I was there, and 
I heard a good deal. He thought it was Bright’s disease. But Dr. 
thought not as he had been keeping his examinations up so carefully. Then the 
other doctor said it was a tumor at the base of the brain, and wondered I had 
never had the headache or convulsions, or had never been unconscious. I am 
still a bad color, I still swell sometimes; my breath is dreadful. Have a rash 
over my body which looks like warts. I feel all right while in the house, but 
when I go out I feel very tired, especially walking up hill. I am still getting 
stouter.” 


The letter seemed characteristic enough to warrant a tentative diag- 
nosis of myxedema, and this was confirmed on her admission to Shep- 
pard and Enoch Pratt Hospital, March 22, 1905. 


Family History.—The family history showed the following: The father died 
at 44 from pulmonary tuberculosis. He was said also to have had Bright’s 
disease. One brother had had tuberculosis. 

Personal History.—Female, single, 41 years of age. Early history negative. 
She obtained a collegiate education and later took up stenography, acquiring 
considerable proficiency. Menstruation normal. 

The onset of the disease dates back five years. A stiffness of the hands in 
using the typewriter was first noticed. Then hoarseness began and has con- 
tinued throughout. A change in her appearance was soon noticed; her high 
color was replaced by a greenish, sallow complexion. Bodily weight steadily increased 
while her strength diminished. Two years ago she had several severe uterine 
hemorrhages and since then her general condition has been much worse. Men- 
strual periods occurred six to eight weeks apart. Sleep much disturbed by 
obstructed breathing and snoring. For the past year and a half has been con- 
stantly obstipated. Even in midsummer she made constant complaints of feeling 


* Manuscript submitted for publication in THe ArcHives. March 17, 1913. 
* From the Clinic of the Sheppard and Enoch Pratt Hospital. Baltimore. 
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cold. Conscious perspiration has been absent for the same period. Mentally 
she has become dull and inactive, dislikes to make the slightest effort, and will 
not cross the floor for an article, no matter how much she desires it. Depends 
on others entirely. She falls asleep easily during the day even while occupied 
with some diversion. 

Physical Examination.—Height, 155 em.; weight, dressed, 155. Hair coarse 
and dry. Skin is pale, sallow, has a transparent quality, and is everywhere 
dry and scaly. Subcutaneous thickening is wide-spread, most noticeable about 


Fig. 1.—Myxedema, before thyroid administration; weight, 155. 


the clavicles, on abdomen and legs; the latter pit slightly on pressure. Mucous 
membranes are pale and indicate considerable anemia. Eyelids are somewhat 
edematous, giving a flat appearance to face. Gums and uvula swollen. Laryngo- 
scopic examination negative. Thyroid gland cannot be felt and is evidently 
diminished in size. Heart shows reduplication of first sound. Blood-pressure 
averaged 150 systolic, 115 diastolic. 

Neurologic Examination.—Pupils react somewhat sluggishly to light. Fundi 
show nothing but anemia. Deep tendon reflexes equal and slightly exaggerated. 
Pharyngeal diminished. Cutaneous sensation, muscle sense and stereognosis 
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apparently unaffected. Coordination tests show some clumsiness. Muscle strength 
generally diminished. Dynamometer, right 11, left 9. Gait negative except for 
weakness. Stands well in Romberg’s position. Nictitation frequent. Voice has 
a husky and guttural quality. 

Mental Examination.—Consciousness and orientation intact. No evidence of 
fallacious sense perception, hallucinations or delusions. Judgment shows no gross 
disturbance and insight is sufficiently adequate so that she is cooperative. Sub- 
jectively, patient’s sensations present languor, inertia, weakness, somnolence, 
malaise and occasional headache. Objectively, voluntary attention is lapsing and 
maintained with difficulty, psychomotor processes are slowed, and volition is 


Fig. 2.—Myxedema after two months’ treatment; weight, 128. 


markedly impaired, amounting to a high grade aboulia. Association tests showed 
increased reaction time. The affect presented apathy, sluggishness and 
indifference. 

Urine examination on March 24 was as follows: 610 c.c. for twenty-four 
hours, strongly acid; faint trace of albumin; total urea, 9 grams. 

Blood examination March 22: Red blood-cells, 3,370,000; white blood-cells, 
7,200; hemoglobin, 45 per cent. Differential count of 695 cells: polymorpho- 
nuclears, 52.4 per cent; small mononuclears, 24.8 per cent.; large mononuclears, 
1.5 per cent.; eosinophils, 19.7 per cent.; basophils, 1 per cent. 
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Treatment and Course—On March 26 patient was put on 2 grains of desic- 
cated thyroid gland three times a day. This was increased to 14 grains daily, 
and then dropped to 10, which was the dose she was taking on her discharge, 
May 20, 1905. 


The following blood examinations show a progressive return toward normal: 


March 27. April 10 April 30 May 19. 
57.4% 60.4% 63.7% 62 
Small mononuclears ..... 21 &% 27.7% 21.8% 26 &% 
Large mononuclears ..... 2.6% 3.4% 7.6% 6 &% 
16 & 6.8% 6.1% & 
LS% 1.5% O.7% O8% 


Successive urine examinations gave the following results: 
March 25. April7. April26. May12. May 16. May 18. 
Twenty-four hour 


amount, ¢.c. ... 690 570 660 510 960 1,000 
1.015 1.015 1.015 1.018 1.014 1.015 
Urea, total, gm... 6 17.2 17.8 
Albumin ....... 0 oe Tr. Tr. Tr. Tr. 


Body weight progressively declined as follows: 


April 1, 153; April 8, 147; April 15, 142; April 22, 137; April 29, 134; 
May 6, 132; May 13, 130; and May 20, 128, or about 2 pounds below her normal. 

The effect of the thyroid administration in the circulation was noted in a 
gradually developing tachyeardia which reached a maximum of 120 about a 
week after inception of treatment, and then kept fairly constantly at 110 during 
the balance of hospital residence. Blood-pressure gradually declined from an 
average systolic of 150 to 115. 

Temperature showed a slight irregular elevation; the highest point, 99.8, was 
reached about nine days after treatment was started. 

After the second week of thyroid administration improvement was steady 
and fairly rapid. Sleep became undisturbed; the snoring and respiratory dis- 
tress disappeared, physical strength gradually returned, although on discharge, 
she still complained of some difficulty in ascending steps. Appetite good. Bowels 
moved freely without cathartics for the first time in a year and a half. The 
anomalies in attention, volition and affect gradually were replaced by normal 
reactions, and on leaving the hospital May 20, the patient felt entirely well 
except for some physical weakness. 

Four months after leaving the hospital the patient resumed her 
former position as stenographer and has kept steadily at work ever 
since. For several years she took the thyroid substance without inter- 
ruption, but lately has skipped for two or three days and then resumed 
for a like period. In the seven years that have elapsed she has not 
missed a day at the office on account of illness, and feels as well as she 
ever did in her life. Her weight has not varied beyond the limits of 
130-138. 


21 East Movnt Vernon Plaee. 
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“GIANT-CELL PNEUMONIA” 


HOWARD T. KARSNER, M.D., ann ALBERT E. MEYERS, M.D. 
BOSTON 


REVIEW OF LITERATURE 


An attempt has been made recently to isolate from the general group 
of lobular pneumonias a form in which the histological picture shows the 
presence of large multinucleated cells in the alveoli, not tuberculous in 
nature, a form of pneumonia which frequently follows acute infectious 
diseases of childhood, more particularly measles and pertussis.'. This 
giant-cell formation occurs especially in association with desquamative 
bronchopneumonia, a condition described by Buhl? as early as 1856. In 
1872° he described in addition certain multinucleated cells occurring in 
the same condition, but his description is not so complete as to make 
certain that he saw identically the type of multinucleated cell under 
discussion. In 1876, however, Friedlander‘ gave a more complete 
description of a multinucleated cell appearing in the pneumonic processes 
which he produced experimentally by cutting the recurrent laryngeal 
nerves and these cells certainly are identical with those described by 
Hecht. In 1889, Kromayer® made a complete study of the condition and 
considered it characteristic of the pneumonias of measles and pertussis. 
He described three types of giant-cell: (a) a large multinucleated cell 
with large vesicular nuclei, the cell being a fusion product of desquamated 
degenerate epithelium ; (b) a smaller syncytium with long spindle-shaped 
solid nuclei, probably originating from nuclear proliferation of the flat 
cells of the alveolus; (c) a multinucleated cell in masses of the cuboidal 
cells so frequently found in chronic and organizing pneumonias and 
considered by Friedlander to be attempts at regeneration. Aufrecht® 
described similar cells in 1894 and considered them to be fusion products. 


* Submitted for publication in Tut Arcuives March 5, 1913. 

* From the Department of Pathology, Harvard Medical School. 

1. Hecht, V.: Die Riesenzellen Pneumonie im Kindesalter. Beitr. z. path. 
Anat. u. z. allg. Path., 1910, xviii, 263. 
Buhl, L.: Quoted by Buhl, see footnote 3. 
Buhl, L.: Lungenentziindung, Tuberkulose und Schwindsucht. Miinchen, 


2. 
3. 


1872. 

4. Friedliinder, C.: Experimental untersuchungen iiber chronische Pneumonie, 
und Lungenschwindsucht. Virchows Arch. f. path. Anat., 1876, Ixviii, 325. 

5. Kromayer, E.: Ueber die sogenannte Katarrhalpneumonie nach Masern 
und Keuchbusten. Virchows Arch. f. path. Anat., 1889, exvii, 452. 

6. Aufrecht, E.: Die Lungenentziindung. Nothnagels Spec. Path. u. Therap. 
Wein, 1894, xiv, Part I, p. 275. 
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Diirck’ studied the condition very carefully and considered the giant- 
cell formation to occur particularly in diphtheria, insufflated exudate 
acting as foreign body. He considered the cells to be partly fusion 
products, partly the result of nuclear proliferation without cell division. 
Steinhaus* investigated nine cases of measles pneumonia, but found ne 
giant-cells; he explained this by saying that the cases were of too short 
duration. 

Galdi® made a detailed study of desquamative pneumonia, and 
although not referring to giant-cells directly, probably means to in speak- 
ing of colossally large desquamated cells. Hart’? described them in his 
first paper and considers their formation a part of the proliferative 
process in long-standing pneumonias, but does not refer to them in a 
later paper. Friedrich Miiller’' refers to the giant-cells in Mehring’s 
Lehrbuch, but apparently only echoes the studies of Diirck. Hecht’s* 
studies were most complete, not only including an anatomical study, but 
also making several experiments. Before that, however, other workers 
had produced the cells experimentally, notably Friedlander by section of 
the recurrent Jarvyngea] nerves, Lihr'* by intratracheal injection of staph- 
vlococei, Diirck* by insufflation of pneumococci and of emery powder; 
Hecht, himself, by insufflation of sterile pus, of weak ammonia water, of 
weak solution of silver nitrate, of copper sulphate and of combinations of 
bacteria with insoluble irritants. Bacteria produced a pneumonia, but 
not giant-cells. Hecht states that he failed to produce a pneumonia by 
repeating Lihr’s experiment, that is, by intratracheal insufflation of 
staphylococci. More recently giant-cells of the same character have been 
produced in anaphylactic pneumonia as described by Ishioka.’* Reports 
of cases of long standing dust inhalation mention identical cells, and they 
oceur also in cases of inhalation of irritant gases such as the fumes of 
nitric oxid. Wood" has reviewed the literature of these conditions very 


7. Diirek, H.: Studien iiber die Aetiologie und Histologie der Pneumonie im 
Kindesalter und der Pneumonie im Allgemeinen. Deutsch. Arch. f. klin. Med., 
1896, xlviii, 368. Also, Atlas und Grundriss der speciellen pathologischen Histo- 
logie. Miinchen, 1900, i, 94. 

8. Steinhaus, F.: Histologische Untersuchungen iiber die Masernpneumonie. 
Beitr. z. path. Anat. u. z. allg. Path., 1901, xxix, 524. 

9. Galdi, F.: Pneumonia desquamativa obliterans. Deutsch. Arch. f. klin. 
Med., 1903, Ixxv, 239. 

10. Hart, K.: Anatomische Untersuchungen tiber die bei Masern vorkom- 
menden Lungenerkrankungen. Deutsch. Arch. f. klin. Med., 1904, Ixxix, 108. 
Also, Ueber die bronchitischen und postpneumonischen Obliterationsprocesse in 
den Lungen. Virchows Arch. f. path. Anat., 1908, exciii, 488. 

11. Miiller, F.: Die Erkrankungen der Bronchien. Von Mehring’s Lehrbuch 
der Inneren Medizin, Jena, 1905, p. 236. 

12. Quoted by Hecht (see footnote 1). 

13. Ishioka, S.: Zur Histologie der anaphylaktischen Pneumonie. Deutsch. 
Arch. f. klin. Med., 1912, evii, 504. 

14. Wood, F. C.: Poisoning by Nitric Oxid Fumes. Tue Arcnives Int. MEb., 
1912, x, 478. 


il 


536 THE ARCHIVES OF INTERNAL MEDICINE 


completely and has added to it by his own anatomical and experimental 
studies. 

The origin and nature of the cells have been variously interpreted, 
but it is generally conceded that they must originate from the alveolar 
epithelium and that they are either products of fusion of more or less 
degenerate cells, or are the result of nuclear proliferation without cell 
division. Nearly all the cases reported are of long duration and the 
vast majority have been in children and usually following some acute 
infection, although a few, notably those of Aufrecht,® have occurred in 
patients of later life (40 and 72 years). This also is true of the cases 


Fig. 1—Low power (16 mm.) showing inflamed bronchiole (A) and peri- 
bronchiolar granulation. The surrounding alveoli are filled with exudate and at 
B can be seen giant cells. 


due to dust or gas inhalation. The attendant inflammatory process is 
described sometimes as being moderately acute with infiltration of 


lymphocytes, polymorphonuclears and fibrin formation; sometimes there 
is found only a moderate small round-cell infiltration into the alveoli, 
and in still other cases the process is entirely a chronic and organizing 
one. Since the process of phagocytosis has been known, the cells have 
been considered to have phagocytic powers by most of those who have 
considered this phenomenon in their discussion. 


KARSNER—A, E. MEYERS 


CASE REPORT 


History.—V. A., white, female, 18 months of age, was admitted to the 
Children’s Hospital, Boston, Sept. 18, 1911, service of Dr. John L. Morse, to whom 
we are much indebted for the clinica] notes 

The family history and previous history are not of especial interest except 
that the child was fed on equal parts of milk and water throughout its infancy; 
it gave a history of having been admitted to the Massachusetts General Hospital, 
Aug. 19, 1911, with the diagnosis of pneumonia. There is no history of any of 
the diseases of childhood. It apparently recovered from the pneumonia and on 
Sept. 13, 1911, was seized with an attack of vomiting followed by fever and cough. 
A moderate diarrhea appeared, with yellow, watery stools containing a small 
amount of mucus. 

Examination.—On admission, the child was found to be extremely rhachitic 
and showed moderate enlargement of lymph-nodes, including tonsils. Examina- 
tion of the lungs showed dulness of entire left lung, with bronchial breathing 
irregularly distributed throughout and rales at the base; the right upper and 


Fig. 2—High power (4 mm.) showing extensive syncytial mass (A) lying 


in alveolus with bare walls. At B is seen a mass of fibrin; at C are cells of 
exudate and nuclear fragments undergoing inclusion. 


middle lobes dull, with diffuse bronchial breathing, but no rales. The chest and 
abdomen were otherwise normal. Both ear drums showed scars of old perfora- 
tions, but no discharge appeared. 

The temperature varied irregularly between 99 F. and 104 F.; respirations 
between 30 and 70 per minute; pulse between 120 and 160 per minute. 

Urine on admission was normal, but on September 30 showed trace of albumin 
and hyaline and finely granular casts. 

Von Pirquet tuberculin test was negative. 

Stools on October 1 were green and mixed with mucus; slight excess of 
neutral fat and great excess of fatty acids; no excess of soaps or starches. 

First leukocyte count September 19 showed 22,600 leukocytes of which 75 per 
cent. were polymorphonuclears. October 1 there were 14,000 leukocytes. 

Necropsy.—Patient died October 2. and the autopsy (H11-964) was performed 
by Dr. Albert F. Boretti October 2, eighteen hours post mortem. Exclusive of 
the lungs, the findings are as follows: heart, normal; liver, cloudy swelling and 
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fatty metamorphosis; pancreas, normal; stomach and intestines, normal; spleen, 
acute hyperplastic splenitis; adrenals, normal; kidneys, well marked cloudy 
swelling; lymph-nodes of mesentery, acute hyperplastic lymphadenitis; thymus, 
moderate fibrosis. 

The lungs showed grossly considerable fibrinous exudation over the pleura. 
They were consolidated in irregular patches in left lower, lower part of left 
upper lobes, right lower, right middle and lower parts of right upper lobes. The 
cut surface was moist and much bloody turbid exudate could be scraped off the 
surface. The reddish gray nodules of consolidation averaged 1.5 em. in diameter 
and the intervening lung substance was much congested, especially in the depend- 
ent portions. The remaining lung substance crepitated and was moderately con- 
gested. The bronchi and bronchioles showed no distention, but contained a large 
amount of viscid mucopurulent material. 

Microscopic Examination.—Sixty-three serial sections, 4 microns in thickness, 
and one slide from another block, sections stained with Mallory connective tissue 
stain, Verhoeff elastica stain, methylene-blue and eosin, Zieh]-Nielsson carbol- 
fuchsin stain, were studied. 


Fig. 3.—High power (4 mm.) showing cell masses (A and B) one of which 
(A) resembles an ameba in form. In other serial sections these cells were 
found to be a part of one and the same extensive syncytial mass. 


Histologically, the pleura was covered with a thin layer of fibrinous exudate 
under which was found a zone of granulation tissue and beneath that the 
denser connective tissue of the pleura proper. The exudate in the alveoli was 
found to occur in masses irregular in outline and usually surroinding a bron- 
chiole. The intervening lung tissue showed only a slight amount of exudate and 
edema. The larger blood-vessels were distended and filled with blood and there 
was a very definite perivascular edema of the connective tissue. Finer examina- 
tion showed that the bronchioles were filled with an exudate made up principally 
of more or less degenerate leukocytes together with desquamated degenerate 
epithelium, a few leukocytes, nuclear detritus and an occasional small mass of 
fibrin. The attached epithelium showed well marked cloudy swelling and in 
numerous places multinucleated cells in one of which a mitotic figure was found. 
The cells correspond to the cell deseribed by Friedliinder.«| About many of 
the bronchioles there was an areola of newly formed connective tissue extremely 
rich in capillaries and in associaton with this many of the bronchioles showed 
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partial or complete loss of their epithelium. No fragmentation of the elastica 
could be determined. The alveoli in the immediate neighborhood were filled with 
exudate similar to that in the bronchioles except that in a few alveoli an 
extremely rich fibrin content was found. The alveoli between the peribronchial 
pneumonic areas contained edematous precipitate, a few lymphocytes and much 
desquamated epithelium. 

Scattered throughout the field, but seen particularly near the margin of the 
preumonic masses, and also near the pleura, were large numbers of multi- 
nucleated cells. They occurred only in the alveolar spaces and not in the inter- 
stitial connective tissue. They measured from 60 to 80 microns in one diameter 
to 100 to 170 microns and more in the other diameter. They were irregularly 
cutlined and presented all possible configurations from that of a crescent or 
even a complete circle to a distinct stellate shape. In places they looked like 
large amebas; in other places they resembled closely the Langhans type of giant 
cell. The protoplasm for the most part was coarsely granular and sometimes 
contained smal] empty vacuoles. The nuclei were sometimes large and vesicular 
with normally arranged chromatin, sometimes vesicular with peripheral clumping 
of the chromatin; sometimes they were spherical, sometimes elliptical, some- 
times spindle shaped; the elliptical and spindle-shaped nuclei usually were small | 
and solid; the nuclei were arranged without any regularity whatever, sometimes | 
centrally, sometimes peripherally, sometimes diffusely through the protoplasm. 
The protoplasm also contained lymphocytes, nuclear detritus, fragmented erythro- 
eytes. polymorphonuclear leukocytes, and strands or masses of fibrin. Occa- 
sionally there was found a small unstained areola about a polymorphonuclear 
leukocyte, but never around any other cell or piece of detritus. Where these 


multinucleated cells appeared the alveoli showed no lining epithelium. For { 
the most part the giant cells lay free in the alveoli, but frequently a small 
portion was found attached to the wall or even continuous with a layer of { 


attached epithelium. 
Special stains for tubercle bacillus and Treponema pallidum were negative. 


With methylene-blue, cocci, sometimes in clumps, sometimes in chains, and small \ 
diplobacilli were found. Culturally, Staphylococcus pyogenes aureus was [ 
isolated. 

In reconstructing the giant cells by the serial wax plate method, it was } 
found that what appeared to be a number of giant cells in a given slide ultimately j 


were connected and formed part of a large syneytial mass extending through a 
large number of alveoli and infundibuli. It could not be demonstrated that they 
were continuous with the bronchiolar epithelium, but they were definitely found 
to be a part of the alveolar epithelium, showing attachments to the alveolar 
wall in various places. When they lay free in the alveolar space there was no 
epithelium between them and the alveolar wall. 


SUMMARY OF CASE 
In reviewing the case it would appear that the child, without history 


of preceding acute infection, had suffered with pneumonia for seven 


weeks with a more or less complete remission in the midst of this period. 


Clinically, no unusual features were observed, nor was the gross morbid 


anatomy of the case out of the ordinary. Histologically, the two unusual 


features were the granulation tissue around the bronchioles and the 


giant-cell formation in the alveoli. 


DISCUSSION 


The peribronchiolar granulation suggests the possibility of an asso- 


ciated bronchiolitis obliterans. When Lange’ described this condition 


15. Lange, W.: Ueber eine eigenthiimliche Erkrankung der Kleinen Bronchien 
und Bronchiolen (Bronchitis and Bronchiolitis obliterans). Deutsch. Arch. f. 
klin. Med.. 190]. Ixx, 342. 
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he noted the fact that marked alveolar desquamation accompanied it in 
many cases. Bronchiolitis obliterans in its earlier stages shows this 
appearance, but usually also shows fragmentation of the elastica, which 
our case did not. Nor was there in our case any evident narrowing or 
dilatation of the bronchioles. No corresponding stage of organization 
was present in the pneumonic exudate. There is no doubt that this case 
shows an early stage of bronchiolitis obliterans." 

The study of the giant-cells shows, first, the fact that there is close 
anatomic connection between what a single section shows as a number of 
cells and the mass ramifying through numerous alveoli and infundibuli, 
but not into bronchioles; second, that there is obvious continuity of 
giant-cells with attached and desquamated alveolar epithelium; third, 
that the fusion of the epithelia from the alveolar wall includes in the 
final product the cells, fibrin and detritus of the intra-alveolar exudate, 
a stage being shown in Figure 2; fourth, that the elastica is entirely 
outside the giant-cells and thus that these are completely intra-alveolar ; 
fifth, that the protoplasm is never well stained and obviously is degen- 
erate throughout. 

This leaves two points for discussion, the histogenesis of the cells 
and the question of their vitality. The question of the formation of the 
cells is as to whether they are “conglutinative” or “proliferative” 
(Diirck’). In the study of nearly seventy sections from our case, only 
one mitotic figure was found and no evidence whatever of direct nuclear 
division. Thus, although it cannot be said with certainty that nuclear 
proliferation can not account for the large number of nuclei in the cell, it 
is probable that the vast majority are present as the result of fusion of 
single cells. The problem of the living activity of the cell must resolve 
itself into that of the most notable activity that can be seen in post 
mortem specimens, phagocytosis. The bodies within the cells have been 


variously interpreted as simple inclusions and as objects engulfed by 
phagocytosis. In the reconstruction of the cells it was found that various 
stages in the formation of the giant cells indicated that the epithelium 
fused either before or after desquamation and formed, perhaps, first, 
crescent-shaped figures and, in certain lines of section, ring-like masses 
surrounding the alveolus and containing in the middle the remnants of 


16. In this connection note also the following papers: 

Ribbert, H.: Virchows Arch. f. path. Anat., 1899, exlvi, 164. 

Herbig, M.: Ebenda, 1894, exxxvi, 311. 

Fraenkel, A.: Deutsch. Arch. f. klin. Med., 1902, Ixxiii, 484; Berl. klin. 
Wehnschr., 1909, xliv, 6. ¢ 

Jochmann, G., and Moltrecht: Beitr. z. path. Anat. u. z. allg. Path., 1904, 
xxxvi, 540. 

Wegelin, C.: Ebenda, 1908, xliii, 438. 

Edens: Deutsch. Arch. f.. klin. Med., 1906, Ixxxv, 598. 

Vogel, K.: Virchows Arch. f. path. Anat., 1911, cevi 157. 

Wood, F. C.: See footnote 13. 
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the original alveolar exudate ; the central space was gradually obliterated 
and the more or less degenerate exudate was within the protoplasm of 
the giant-cell. It was noticed, however, that around the bodies of some 
of the included cells a small areola, suggestive of a digestive vacuole 
was found, but further examination showed that this phenomenon 
occurred exclusively around polymorphonuclear leukocytes. If this were 
to be considered a function of the giant-cell, it would seem reasonable to 
expect to find the same appearance around lymphocytes and erythrocytes 
as well as around leukocytes. This not being the case, it seems more 
likely to suppose that it represents the activity of the proteolytic ferment 
of the leukocyte. We have found, then, no positive evidence of phago- 
cytic activity of these cells and no positive evidence of the fact that they 
are living active cells. Kromayer and others have found occasional 
mitotic figures and evidences of direct cell division, but no one has 
brought forward indisputable evidence of phagocytic activity on the part 
of the syncytial masses. 
CONCLUSIONS 

1. The case studied is one of bronchopneumonia of the desquamative 
type and is associated with an early stage of bronchiolitis obliterans. 

2. No good reason has been given for assigning to the so-called “giant- 
cell pneumonia” the dignity of classification as a pathological or clinical 
atity. 

3. The giant-cell formation may occur following a wide variety of 
causes and is not characteristic of the pneumonias following only measles 
and pertussis. 

4. The giant-cells are almost entirely the product of fusion of alveolar 
epithelium and present a wide variety of morphological characters, 
depending on the line of section. 


5. There is no positive evidence for believing that these cells func- 


tionate as phagocytes. 
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THE DETERMINATION OF THE DIASTOLIC PRESSURE IN 
AORTIC REGURGITATION * 
ALBERT E. TAUSSIG, M.D. anp JEROME E. COOK, M.D. 
ST. LOUIS 


The determination of the diastolic arterial pressure is second in 
clinical importance only to that of the systolic pressure. The average of 
the two approximates the mean blood-pressure and their difference the 


pulse-pressure, both of them values of considerable significance. Under 


favorable conditions, some notion of the systolic output of the heart can 
be obtained by dividing the pulse-pressure by the mean pressure, while 
the product of pulse-pressure by pulse-rate often gives us an idea of the 
absolute work done by the heart. The reason why the determination of 
the diastolic pressure by the general practitioner has been comparatively 
neglected seems to be that the simpler methods, as ordinarily practiced, 
give uncertain results, while the more accurate ones require a rather 
bulky apparatus. 
THE VARIOUS METHODS 


The methods for estimating the diastolic pressure may be grouped 
into four classes, the palpatory, the visual, the graphic and the ausculta- 
tory. All of them depend fundamentally on the same fact. When the 
pressure in the cuff is higher than the systolic pressure, no blood flows 
into the arm. As the pressure in the cuff is slowly diminished a point is 
reached, at which the blood is just able to flow through the constricted 
artery. This marks the systolic pressure. As the pressure in the cuff 
continues to fall, larger and larger pulses pass down the artery until a 
point is reached at which the pressure in the cuff is just able to compress 
the artery during diastole. When the pressure in the cuff falls still lower, 
the amplitude of the pulsations again diminishes, since the peripheral 
portion of the arterial tree in the arm is now not quite empty during 
diastole. This fall in the pulse amplitude marks the diastolic pressure. 
With the palpatory method, the observer places one or more fingers on 
the radial artery, while the pressure in the cuff is allowed to fall. The 
first pulse felt at the wrist marks the systolic pressure, while the point 
at which the radial pulse first shows maximal pulsations marks the dias- 
tolic pressure. Or, better, the pressure in the cuff is gradually increased 
and the point at which the pulsations are maximal and about which they 
grow smaller is taken as marking the diastolic pressure. This method, 


*Submitted for publication in Tue Arcuives, Feb. 28, 1913. 
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in experienced hands, gives fairly good results. It, however, requires 
considerable training and involves a good deal of the subjective element. 
The comparatively unskilled observer obtains entirely untrustworthy 
results. 

The visual methods involve the detection of the point of maximal 
pulsation by the eye. The excursions of the top of the mercury in the 
manometer or the vibrations of the needle in the dial manometer may 
be observed as the pressure falls, or the amplitude of the vibrations of a 
drop of alcohol in a capillary tube or of a pith-ball in a larger tube may 
be watched. ‘The observation of the vibration of the column of mercury 
rarely gives satisfactory results. If the manometer tube is narrow, the 
vibrations are too small to be utilized; if wider, the portability of the 
instrument suffers. In any case, the accurate gauging of the point of 
maximal oscillation is a matter of difficulty, except perhaps in pulses of 
unusually large amplitude, and is dependent to an undue degree on the 
personal equation. The same is true in varying degrees of the other 
varieties of this method. Pal’s sphygmoscope apparently gives the best 
results, but the apparatus is not easily portable, and observations with it 
are very tedious. Ehret has stated that at the point of diastolic pressure, 
and at that point only, the cubital artery can be seen to pulsate violently, 
but we have not been able, even after many trials, to confirm this 
observation. 

Of the graphic methods, the best is that of Erlanger. <A tracing is 
taken, as the pressure falls, of the brachial pulse as registered by the cuff 
itself. The diastolic pressure is marked not by the point of greatest 
oscillation nor by the point at which the oscillations first become smaller, 
since a diminution of amplitude often occurs above the diastolic pressure. 
In these cases, as the pressure in the cuff continues to fall, a further, 
sharper diminution of amplitude may be observed, and this marks the 
diastolic pressure. Sometimes, however, the fall in amplitude of the 
oscillations is so gradual that it is nearly impossible to identify this point. 
Moreover, this method, too, requires special training on the part of the 
observer, since he must watch both tracing and manometer simultane- 
ously and instantly identify the point at which the pulse tracing shows a 
sharp fall in amplitude. This difficulty may to a degree be obviated by 
using a marker in connection with the tracing, registering each 10 mm. 
of fall and later noting the pressure with which the decrease in amplitude 
corresponds. In those cases in which the fall of amplitude is not sharp, 
the difficulties of utilizing the apparatus are considerable. 

The auscultatory method, on the other hand, is nearly free from these 
disadvantages. It was first introduced by Korotkow in 1905 at a meet- 
ing of the Society of Military Surgeons in St. Petersburg. The pneu- 
matic cuff is placed around the arm in the usual manner, the pressure is 
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raised above the systolic level, and, as the pressure slowly falls, the 
observer auscultates the artery at the bend of the elbow with a small 
stethoscope. The bell of the stethoscope should rest over the artery with 
the least possible pressure and should be close to the lower border of the 
cuff. With the first pulse that passes under the cuff, a sharp systolic 
sound is heard. As the pressure continues to fall, this tapping sound is 
replaced by a murmur; the latter again merges into a sharp sound, which 
first becomes dull and then ceases altogether. For convenience of refer- 
ence, these changes of tone have been designated as phases, the first 
phase beginning with the first appearance of a sound, the second with 
the murmur, the third with the reappearance of the sharp sound, the 
fourth with the dulling of the sound, and the fifth with the cessation 
of all arterial sound. All observers agree that the beginning of the first 
phase marks the systolic pressure, and we believe this is in most cases the 


Fig. 1.—Aortie regurgitation with short fourth phase. On auscultation, with 
falling pressure in the cuff, the first phase begins at 132 mm. Hg, the second at 
122 mm., the third at 114 mm., the fourth at 68 mm., the fifth at 34 mm. The 
upper tracing was taken with the Erlanger apparatus, the pressure in the cuff 
being made to fall 2 mm. between each set of pulse-waves. The lower tracing 
was made with the same apparatus, the pressure in the cuff being allowed to 
fall continuously. The figures represent mm. Hg of pressure in the cuff. It is 
obvious that the diastolic pressure, as recorded by the Erlanger apparatus, corre- 
sponds accurately with the beginning of the fourth phase. 


most accurate way of determining this pressure. It is as much superior 
to the palpation of the radial as the sense of hearing is keener than the 
sense of touch. Students and all without a highly developed tactus 
eruditus nearly always obtain higher values with the auscultatory than 
with the palpatory method, and the more expertly the latter is done, the 
more nearly its results approach those of the auscultatory method. The 
exception to this rule is formed by individuals with small cubital arteries, 
in whom the Korotkow sounds are very feeble. In these cases the pal- 
patory method is sometimes preferable. 


| 


ALBERT E, TAUSSIG—JEROME E. COOK 


THE PHASE MARKING DIASTOLIC PRESSURE 

The phase that marks the diastolic pressure has given rise to marked 
divergence of opinion, and it may be this uncertainty that is responsible 
for the comparative neglect of this method. Korotkow took the begin- 
ning of the fifth phase, at which all sounds disappear, to mark the dias- 
tolic pressure, and in this he has been followed by the great majority of 
writers. Among these may be mentioned, Krylow, Janowski, Ettinger, 
Fellner, J. Fischer, Ehret, Schrumpf and Zabel, Moritz, van Westenrijk, 
Gettings, and, according to Hirschfelder, Miss Allen and Mr. Engle, 
working in the Johns Hopkins Hospital. Hirschfelder himself, in his 
text-book follows Staehelin in taking the point at which the sound is 
loudest, as the diastolic pressure, an opinion which has not found many 
adherents. Lang and Manswetowa, in 1908, compared the auscultatory 
method with the apparatus of von Recklinghausen and found uniformly 
that the diastolic pressure was marked by the point at which the second 
clear sound took on a dull character. Hoover, Warfield and Dehio came 
to the same conclusion, the first by comparing the auscultatory method 
with the mercury manometer, the second with the sphygmograph and the 
third with the Erlanger apparatus. Warfield has confirmed his clinica! 
observation by means of animal experiment. 


AUTHORS’ TECHNIC 


During the past six months, we have compared the Korotkow method 
with the results obtained by Erlanger’s apparatus in a large number of 
cases and feel quite certain that it is the beginning of the fourth and 
not of the fifth phase that marks the diastolic pressure. At first we 
listened over the artery while making our Erlanger determinations. 
Later, fearing that the influence of suggestion might be leading us astray, 
we first made our auscultatory determinations, usually each of us inde- 
pendently, recorded them, and then took our Erlanger tracings. In order 
to obtain the greatest possible accuracy in the latter, we took the brachial 
pulse tracings by means of the interrupted method, allowing the pressure 
in the cuff to fall 2 mm. Hg between each set of tracings and calling the 
first sudden fall in amplitude the diastolic pressure. In nearly all cases, 
the two methods coincided accurately. Where they differed, it was only 
by 2, rarely 4 mm., a difference well within the error of observation. 
Even these differences usually occurred only in those cases in which the 
interpretation of the Erlanger tracings was difficult. 

The theoretic explanation of the fourth phase, as marking the dias- 
tolic pressure, is not far to seek. As the pressure in the cuff falls to the 
systolic pressure, the first pulses pass through. They find the artery 
below the cuff empty, and, distending it suddenly, produce a sharp 
sound. As the pressure in the cuff continues to fall, a point will be 
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reached at which enough blood passes through to form whirls in the 
arterial stream, thus producing a murmur, which is usually loud enough 
to conceal the sharp sound. This phenomenon may be produced in any 
accessible artery by compressing it with the bell of the stethoscope. 
When the falling pressure reaches a point at which whirls are no longer 
produced in the blood-stream, the clear, tapping sound reappears. The 
artery beyond the cuff is still empty during diastole, and its sudden 
expansion by the spurt of blood that passes beneath the cuff at systole 
causes the clear, sharp note. As soon as the diastolic pressure is reached, 
however, a steady stream of blood begins to flow beneath the cuff, even 
between pulsations, and acting as a buffer, muffles the sound. The dull 
note, so produced, continues for a while until the sound is completely 
extinguished by the constantly increasing column of blood in the artery 
beyond the cuff. The correctness of this hypothesis is confirmed by the 
fact that if the observations are continued for an undue length of time, 
without releasing the pressure in the cuff, all of the sounds become 
muffled. What has happened is this. The blood that passes under the 
cuff, at first finds a resting place in the veins of the arm, beyond the cuff. 
After these have become fully distended, the blood must begin to accum- 
ulate in the arteries and a condition results similar to that occurring 
during the fourth phase. 


ARTERIAL SOUND IN AORTIC REGURGITATION 


Having thus confirmed the observations of Lang and Manswetowa 
and of Warfield, our attention was drawn to the conditions obtaining in 
aortic regurgitation. In this affection, the diastolic pressure is very low 
and the pulse-pressure abnormally high, producing a condition in the 
arteries similar to that obtaining in the brachial artery just beyond the 
cuff, when the pressure in the latter has fallen a little below the diastolic 
pressure. The result, in many cases, but not in all, is that a sound can 
be heard, on listening over any accessible artery, similar to that heard 
at the fourth phase, with Korotkow’s method. That this is the dull note 
of the fourth phase and not the sharp note of the third can be shown by 
placing the bell of the stethoscope over the artery in the bend of the 
elbow while the pressure in the cuff is rapidly raised. At a certain point, 
which by the way marks the diastolic pressure, the dull note, heard from 
the verv beginning, is suddenly replaced by a sharper and louder one. 
The great majority of the observers who have written on the auscultatory 
method, have taken pains to remark that the method is inapplicable to 
aortic regurgitation because of the persistence of the arterial sound. It 
was this statement that our investigation was intended to test. We have, 
so far, been able to compare the determination of the diastolic pressure 
by means of Erlanger’s apparatus with the results obtained by the 
auscultatory method in eighteen cases of aortic regurgitation. In most 
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of them a large number of comparative determinations were made, often 
nearly daily for a considerable period of time. Our results uniformly 
showed that the diastolic pressure here as in other cases coincides exactly 
with the beginning of the fourth phase and that the method of Korotkow 
will uniformly measure the diastolic pressure in aortic regurgitation 
quite as sharply and accurately as in any other condition. 

An interesting question involves the persistence of the fourth phase 
in this disease ; that is, the presence of a pulse-sound in the artery even 
when there is no pressure in the cuff. A number of writers consider this 
phenomenon pathognomonic of aortic regurgitation. This is clearly an 
error. It was constantly present in only eight out of our eighteen cases 
and occasionally in two others. In the other cases, the duration of the 
fourth phase varied from 6 to 88 mm., the average being 32 mm. In 
these cases, the average pressure at which the fourth phase ceased was 
33 mm. Moreover, we have seen three cases, one a bronchopneumonia 
and two exophthalmic goiters, in which the pulse sound persisted down 
to zero pressure. In both, the pulse-pressure was high and the diastolic 
pressure low. 

INFLUENCE OF RESPIRATION ON PRESSURES 


Any attempt accurately to measure the blood-pressure must take into 
account the influence exerted on the latter by the respiratory movements. 
It has long been known that inspiration is accompanied by a fall in blood- 


pressure and expiration by a rise. The two do not coincide exactly, how- 


ever, the pressure continuing to rise for a beat or two after the begin- 
ning of inspiration and to fall a beat or two after the beginning of expira- 
tion. The same phenomenon occurs in man and can be observed in any 
Erlanger tracing. As the pressure in the cuff approaches the diastolic, 
fluctuations in the amplitude of the recorded pulse-waves can be seen 
that are synchronous with respiration. With quiet breathing, the fluctu- 
ations in pressure are slight, rarely exceeding a few millimeters. In 
cases of dyspnea, however, and especially in Cheyne-Stokes respiration, 
they may be so great (12 mm. or more) as entirely to vitiate the results 
obtained with the Erlanger apparatus. In addition to the fluctuation of 
amplitude due to the deep respiration, there is, in Cheyne-Stokes breath- 
ing, due to heart disease, a steady increase in the amplitude of the pulsa- 
tions during the period of apnea. In such cases, then, the diastolic 
pressure obtained with the Erlanger apparatus will vary considerably 
according as this point is reached during inspiration or expiration or 
during the beginning or the end of apnea. The same will be true of the 
systolic pressure. The results obtained will be largely a matter of chance. 
With the auscultatory method, on the other hand, no such difficulties can 
arise. It is an easy matter to determine the maximum and minimum 
limits of pressure at which the first sound appears and the maximum 
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and minimum limits at which the second sound becomes dull. The 
limits between which the systolic and diastolic pressures vary can thus 
readily be made out. 

Recently there has come under our observation a condition in which 
the auscultatory method was the only one giving even approximately 
accurate results. The case was one of Addison’s disease in which the 
pulse-pressure was so small that the excursions with the Erlanger 
apparatus were scarcely large enough to be recorded. With the ausculta- 
tory method the sounds, though feeble, were distinct and the dulling of 
the sound clearly marked. 

CONCLUSIONS 

Our conclusions thus are: 

1. With the auseultatory method the beginning of the fourth phase, 
that is, the dulling of the arterial sound, marks the diastolic pressure. 

2. Since this point can readily be made out in aortic regurgitation, 
the auscultatory method is as applicable to this condition as to any other. 

3. The persistent arterial sound is not pathognomonic of aortic regur- 
gitation, being often absent in this disease and occasionally present in 
other conditions. 

4. In cases with very low pulse-pressure, in those with marked dysp- 
nea and in Cheyne-Stokes breathing, the auscultatory method is espe- 
cially valuable, being often distinctly superior to the graphic method. 


TABLE SHOWING PRESSURES DurRING PHuases IT, TV anp V or AvutTHuors’ CASES 


9 


0 


The above table shows Phases I, [IV and V of our eighteen cases. A number 
of observations were taken on most of the cases. An average reading is given. 
The daily variations in a given case were seldom great. 

In conclusion, we desire to express our thanks to Prof. George Dock, in whose 
wards at the Washington University Hospital most of the above work was done. 
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BALTIMORE 


A CLINICAL 


BOSTON 


The experiments of Mosso, Haldane and his collaborators, and of 
Yandell Henderson have shown that the maintenance of a definite 
percentage of carbon dioxid in the alveolar air of the lungs and in the 
blood is of prime importance to the organism and is maintained by a 
definite physiological regulation. They have also shown that over- 
ventilation of the lungs by hyperpnea, which reduces the concentration 
of the CO, in the alveolar air below normal, gives rise to a feeling of 
weakness and giddiness exactly like that of mountain sickness, and when 
pushed to extremes, also to periodic breathing of the Cheyne-Stokes type. 


Yandell Hendersen has produced a good deal of evidence to indicate 
that the clinical manifestations of surgical shock may be brought about 
by a condition of acapnia; and Porges, Leimdérfer and Marcovici have 


found acapnia present in cases of acidosis and in certain cases of cardiac 


dyspnea. { 
As the subject seemed te warrant further investigation from the 
clinical side, the following observations were made. 


We take great pleasure in expressing our thanks to Drs. Barker, Thayer, 
Halsted and Williams for the privilege of investigating cases in their respective if 


services in the Johns Hopkins Hospital, as well as to the members of the house 
staff for their hearty cooperation. 


In carrying on a series of investigations, along with other routine 7 
duties met with in the wards of a large general hospital, the first t 


essential was the possession of a portable form of apparatus. The 


appartus to be described below, which possessed all the essentials of a 
complete Haldane outfit, but which was not much larger than the case 
of a microscope and could be easily and rapidly transported to different 
parts of the hospital, was therefore constructed. 


EXPERIMENTAL APPARATUS AND TECHNIC 
The apparatus consisted essentially of the Haldane long rubber tube and 
gas buret for collecting samples of air, connected with a Hempel absorption 
bulb containing a solution of one part by weight of potassium hydroxid in two 


parts of water. 


*From the Physiologic Laboratory of the Medical Clinie, Johns Hopkins 
University, and the Medical Service of the Johns Hopkins Hospital. 

* Read at the meeting of the American Physiological Society, Cleveland, Ohio, 
Dec. 31, 1912. 
* Manuscript submitted for publication in Tur ArcHives March 8, 1913. 
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The patient took between his lips a mouth-piece made of a slightly flattened 
piece of glass tubing 1.5 cm. in diameter, which was connected by a thin-walled 
tube of pure gum rubber with a brass tube 4 em. long from the side of which 
a T-tube 0.6 em. in diameter passed through a hole in the box lid to connect 
with the gas buret on the inside of the box. The further end of the wide brass 
tube was connected with a rubber tube of corresponding width 210 em. long 
which was coiled up like a trumpet and firmly wired in place on the outside 
of the lid. A curved Ochsner clamp inserted through a screw-eye just above 
the soft rubber tube enables the operator to clamp off the latter quickly at 
the end of the subject’s expiration, in order that the air in the long tube may 
be analyzed at leisure. The capacity of this tube was 370 ¢.c. and since the 
mean volume of residual air is about 150 c.c. it can be assumed that at the 
end of a forced expiration the proximal portion of this tube contained almost 
pure alveolar air. 


Fig. 1—Portable apparatus for the determination of carbon dioxid in the 
alveolar air. A. Inner aspect of the lid and box, showing the three-way cock, 
the gas buret and water-jacket, the mercury vessel resting in the stirrup and 
the handle for lifting the lid. Within the box is shown the Hempel absorption 
bulb (KOH) and its connections, B. External aspect of lid, showing the Ochsner 
clamp, the mouth-piece, the coiled rubber tube and the second handle for 
lifting the lid. 


The gas buret in which the expired air was collected was specially constructed 
for the purpose and consisted of an unmarked bulb of about 75 e.c. (75.7 c¢.c.) 
capacity above which there was fused a 3-way cock whose tubes connected on 
the one hand with the T-branch of the collecting tube and on the other by 
means of small bore (1 mm.) barometer tubing with the Hempel absorption 
bulbs. On the lower end of the bulb tube there was fused a small tube of 
10 to 15 ec.c. capacity graduated in 0.1 ec... The bulb and the buret are 
inclosed in a water-jacket 6 cm. in diameter to keep the air within at exactly 
room temperature. The lower end of the gas buret is connected by a heavy 
rubber tube with a glass vessel of about 100 c.c. capacity, preferably the bulb of a 


1. In the first experiments a bulb of 35.7 ¢.c. capacity was used without the 
water-jacket, and the connections between the parts were made with rubber 
tubing. The results obtained with this small instrument did not differ mate- 
rially from those obtained with the larger water-cooled bulb. 
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100 c.c. pipet which can be left to rest on a padded stirrup of metal placed on 
the door of the box a little below the level of the buret and a few inches to the 
left of the latter. The air is drawn into the buret by lowering this mercury 
vessel, or more conveniently by having it rest in the stirrup when the 3-way cock 
is opened. When the latter is closed the exact volume at atmospheric pressure 
is ascertained by raising or lowering this vessel until the top of the mercury 
menisci in both vessels are at exactly the same level. The leveling is somewhat 
facilitated by fixing a small mirror on the door behind the buret and raising 
and lowering the mercury vessel until the two menisci and their images are seen 
at the same level (Fig. 1). In order that the air within the bulb should 
remain saturated with moisture, 0.5 c.c. of water slightly acidulated with dilute 
acetic acid is left floating above the mercury and the volume of the air is read 
from the lower edge of this water meniscus rather than from the upper edge 
of the mercury meniscus. A stock bottle of this acidulated water is kept on 
hand and is colored pink by the addition of dimethylaminoazobenzol in order to 
show always that no potassium hydroxid has been carried back into the bulb. 
After the volume of expired air has been measured, the CO, content may be 
determined by connecting the free arm of the 3-way tube with the Hempel 
absorption bulbs, preferably by means of an intermediary arm of fine-bored glass 
tubing (barometer tubing) with short rubber connections. The 3-way cock is 
then turned to open into this arm and the air forced completely out of buret 
and bulb and into the Hempel bulb by raising the mercury vessel. When all of 
the air has been forced out of the bulb, the stop-cock is again turned off full 
so that no air can return and the mercury vessel returned to the stirrup. The 
expired air is left in the absorbing bulb for one minute which is sufficient to 
absorb the CO, and then the stopcock is turned back and the air drawn back 
again into the bulb and buret until the KOH returns to its former level in the 
arm of the Hempel tube. The stop-cock is once more turned off, the mercury 
leveled again, and the buret read. The difference between the two readings 
represents the CO, in the expired alveolar air. The percentage of CO, is caleu- 
lated according to the equation 
First reading minus second reading 


Per cent CO, = — 
Volume of bulb plus first reading. 


No correction need be made for temperature and pressure since they are the 
same for both readings, and therefore do not affect the percentage. 

In collecting the expired air the subject is first made to breathe naturally, 
then to put the mouth-piece in his mouth and at the end of a quiet expiration 
expire as forcibly as possible, or give a violent cough, through the tube; and 
at the end of this forced expiration the tubé is quickly clamped off. Several 
readings are taken; those which are most divergent are discarded and the 
average of the more or less coincident ones recorded. A few preliminary deter- 
minations must be made with each patient to accustom him to the use of the 
apparatus. 


In investigating the more or less heterogeneous series of cases pre- 
senting themselves in the wards several points were kept uppermost in 
mind: First, to determine if possible whether the feeling of asthenia in 
convalescent patients and especially in patients who have gotten out of 
bed for the first time, is associated with the presence of acapnia. Second, 
whether the latter phenomenon is responsible for these symptoms in 
patients with enteroptosis. Third, the extent to which acapnia develops 
in cardiac dyspnea, and its relation to the mechanism of the latter. 

It would have been particularly interesting for us to have deter- 
mined the alveolar air in clinical cases of surgical shock, but those 
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patients in whom the degree of shock was sufficiently high to be regarded 
as crucial tests it did not seem safe to subject the patient to the ordeal 
of this examination. 

We therefore tried to determine whether there might be any relation 
between acapnia and the production of symptoms of asthenia such as 
are met with in convalescents from long illnesses, typhoid fever, surgical 
operations and also in persons with enteroptosis. The results of deter- 
minations on such patients as shown on the chart falls within normal 
limits (4.0 to 5.5 per cent.) in most cases, though in a few convalescents 
from typhoid fever they were a little lower. These results coincide well 
with the figures obtained on normal individuals by Haldane and his 
collaborators, especially Mabel Fitzgerald. 

We also tried to determine whether the weakness, dizziness and 
similar sensations experienced by convalescents on first getting out of 
bed were associated with acapnia. This was studied in four patients. In 
two of these —a man who had just gotten out of bed after an operation 
for appendicitis and a patient with gastric ulcer and extreme ptosis of 
the viscera — there was a slight fall of alveolar CO, (from 0.3 to 0.5 
per cent.), a little more than the diurnal variation. In one convalescent 
from an appendix operation there was a rise of 0.2 per cent. in spite of 
the fact that he complained of weakness and some giddiness and light 
headedness. One of the four patients, a convalescent from a double 
herniotomy, who also had these symptoms, showed a marked fall in the 
CO, from 5.3 per cent. down to 4.4 per cent. There was, however, no 
marked change in rate of respiration. 

These figures all represent percentages well above the level of acapnia, 
although in only one of the cases was the fall sufficiently great to account 
for the occurrence of any such symptoms. 

We also investigated the alveolar CO, of a number of heart cases. It 
was difficult to investigate these in the most severe grades of dyspnea, 
because the mere act of making a very large forced expiration threw 
them into violent coughing spells and made them feel so ill that it was 
not possible always to repeat the observations often enough to secure 
concordant results. A considerable number of these cases gave results 
below the lowest level for normals and this was especially marked in 
those who had rapid respiration rates at the time of making the 
determination. 

After this work was in progress we found a short article in the liter- 
ature by Porges and Marcovici describing similar findings of low CO, 
in certain but not in all cases of cardiac dyspnea. It would appear that 
we have in cardiac disease two distinct mechanisms for the producticn 


of dyspnea: 
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1. Stasis and congestion in the pulmonary area, associated with 
difficulty in aeration of the blood. This may act either by reflex stimu- 
lation of the vagus endings in the lung or by increasing the CO, in the 
blood bathing the respiratory center which will give rise to hyperpnea 
until the CO, falls to its normal level. 

2. Slow arterial circulation through the medulla, as in arterio- 
sclerosis, aortic insufficiency and general failure of the circulation, which 
gives rise to symptoms of lack of oxygen in the latter and the formation 
of acids there quite independent of the CO,. This acid intoxication over- 
stimulates the respiration and gives rise to over-ventilation of the lungs, 
acapnia, and probably sometimes Cheyne-Stokes breathing, for Pembrey 
and his collaborators have shown that the latter can be stopped by inha- 
lations of CO,. It is probable that such cases can be benefited by 
rebreathing, but we have not been able to answer this question as yet. 

We had one patient with Adams-Stokes disease with complete heart- 
block, who was not having any attacks or dyspnea at the time of deter- 
minations, whose alveolar CO, was normal. 

A number of observations were made on pregnant women near term 
who had slight dyspnea, most of whom were a little below the lower 
limits of normal, which might be easily accounted for on purely mechan- 
ical grounds, though the possibility of a mild acidosis such as has been 
assumed by Porges and his collaborators cannot be excluded. 


Peter Brigham Hospital.—2245 Linden Avenue. 
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BOOK REVIEW 


INNERE SEKRETON. Ihre physiologischen Grundlagen und ihre Bedeutung fiir die 
Pathologie. Von Prof. Dr. Artur Bied], mit einem Vorwort von Hofrat Prof. 
Dr. R. Paltauf. Second Edition, Part One. Paper. Price, 26 marks. Pp. 
534, with 151 illustrations, Berlin: Urban & Schwarzenberg, 1913. 


The first edition of Biedl’s splendid compilation of the literature, and his own 
experience on the glands of internal! secretion, appeared in 1910. The early appear- 
ance of the new edition demonstrates how much need there was for such a work, 
and how well supplied the need was. But this is more than a new edition — it 
is an entirely new work; for while the entire book in its first edition was but about 
400 pages, the first volume alone of the second edition contains 130 more. The 
author seems to have felt that in his first work the limited use of space preventea 
him from going into the detail which the unsettled state of many of his problems 
really demanded for their presentation. The need for explanation by means of 
illustrations has been filled by twenty colored plates and a great number of black- 
and-whites. In this volume, which follows in arrangement the first half of the 
original edition, are covered the thyroid, parathyroids, thymus and adrenal, and 
related subjects. There can be no question that the work, which from the start 
has been the best thing of the kind available, is greatly increased in value by its 
augmented inclusiveness, and is made much easier of understanding and of greater 
educational worth by the abundant illustrations. It will be used as the first 
source of information concerning the ductless glands, since it is the one extensive 
and modern collection of the latest developments of this growing and interesting 
part of medical science. Furthermore, it is much more than a compilation, for 
Biedl] himself being an active investigator in this field, has analyzed the work of 
others with the judgment and insight which only those who are themselves 
familiar with the methods and difficulties of research can possess. It is to be 
hoped that the second volume of this monograph will soon appear, for since there 
is no bibliography in this it is to be assumed that that essential part of the work 


will be placed at the end. 
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